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ABSTRACT o . ] - £ R

. The seven units developed for the Math Network ’

Curriculum Project (MNCP) inCorporate an active approach to the study

of mathematics using microcomputers. The intent is to have students ¢
. explore new concepts by experimenting with different situations. Most
teachers of mathematics have not learned mathematics in an active !
way, and thus need to experience the approach they will be expected
to use'with students. The Inservice Guide is intended to serve as a N
tool for a master teacher to introduce middle ‘school teachers to the
seven units and thus to an active approach to 1earn1ng mathematics.
It first reviews the MNCP philosophy and inservice plans. Then each,
unit is discussed in detail, so the teacher learns how to use it with.
students. (MNS) . .- :
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MNCP .UNITS - °*

’ A -
¥

The seven Math Network Curriculum Project Units were 'developed at
San Francisco State University during 1981 under 'a grant fram the ' -
, - National Institute of Education and the National Science '
Foundation. The co-directors of the grant were William Finzer,
. Jose Gutierrez and Diane Resek. Joan Akers joined the directors.
in development work during the summer of 1981. ) .

-
.

‘ The units integrate the' use of microcamputers ‘into the’ teaching
- of middle schéol (6th through 8th grade) mathematfcs.. The wunits
were field-test’ed by eleven middle s’choo}'teachers in the San

. Francisco area in Fall ‘1981 and were rewrittenin Spring 1982.

4
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NEED FOR AN 'INS.ER\(I~CE GUIDE

- . »

s
£y

The MNCP units incorporate an active approach to the study of

mathematics. We intend for students to explore new concepts by M
’ experimenting with different situations. On the face of it, dne

might think the role of a teacher in an active learning

enviromment is less than in a traditional classroom. However, we

have found that a curious, knowledgeable, and sensitive human

tfeacher is essential if we want studgnts to grapple with

¢onflicting ideas and to reach higher levels of abstract thinking.

Most teachers of mathematics themselves- have not learned .
v mathematics in an active way. Many tend to view the subject as a
3 set of definitions and facts to be mastered in a rote manner. (
( This view is reinforced by most mathematics textbooks. If
teachers are to use- the MNCP units in the manner prescribed U
within each unit, they need to be already aware of the active.
approach to learning mathematics, or they must experience this .
approach themselves. ' o . -

-~

| The inteption of the MNCP Inservice Guide is to serve as a’tool
| for -a Master Teacher to introduce middle school teachers.td  the
| - seven MNCP units and, thus, to an active approach to-learning - - - -=—- - -
; 1% mathematics. - i . .

|

|

|
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1 .

"WHO'S A MASTER TEACHER?
) , s . . « . f »
. [ . . . . ,

Idedlly, a Master Teacher of the MNCP units is scameone who has,
used the units with one .or more classrooms of students. Given
' - that ideal sltuatlons are not,6 always possible, a Master Teacher
a for these units uld have a deep interest and sound knowledge
of mathematics classréom experience in teaching mathematics
actively. One essential qualification for such a teacher is the’
time to explore each unit and all its associated activities.

canpletely before presenting these activities to other teachers.

X. .
We envision master teachers as being experienced classroom,
teachers, curriculum speclallsi:s, school district or county
- administrators, or college  instructors. The Master Teacher may,
want_ to hold only one inservice session and present a single
unit, or she/he may wish to present all seven units in a series
of sessions. Another possibility would be to present one or more
units in a course ‘on methods of teaching mathematlcs or on-
y camputers in classroams. *

. MNCP PHILOSOPHY

The seven units have in common an imbedded philosophy about math
learning, the usé of camputers in math classrocms, their intended
audlence, and classrocm organization.

-~ -

, Math Leatning | : \
We believe that mathematics learning should involve the student's
mind in an active--way; should. emphasize patterns, and should
proceed fram concrete situations towdrd abstract generalizations.

The function of all education, and mathematics edt{cation in

s

partlculqr, is to help people become capable, creative,. and
flexible members of our society. To carry out thllé function,
students mugt be allowed to exper:ment. create, and guestion.

- - ‘They -must<beccme- actlvely involved "in finding relationships and &

. implementing their own ideas. .The MNCP units were developed to
* involve -students in an active way with mathematical ideas.
Much of the work in the units asks students to discover patterns
and gives them the opportunity to generalize them. The search
for -patterns’ is the core of the work of professional
mathematicians and is the key to understanding mathgmatics at all
levels. If middle school” students are abXe to- see the
'oa
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relationship of pattern searching to mathematics learning and
become skilled in flndlng such patterns, we believe that ‘their
study of mathematics in high scheol and college will be much
smoother . \

.

In-these units, ideas are introduced as concretely ‘as possible__

and related to the students' experiences. Opportunities then are
provided for students to explore these ideas in new envirorments
more abstracted from'their own experiences. Thus, students can

form a deeper understanding of the ideas and will be able to

apply them to other situations. It 'is the teacher's Jjob to help
make transitions from the familiar to the foreign. .o

3
. »
LY

Use of Camputers ‘

" Camputers hold exciting promise for meking the learning process

more creative and much more practical. Through computer
simulations we can create learning env1ronments' which supplement
the real world of paper, wood, chalk, test tubes, trees,, animals;
and other human beings. .For many learning purposes, the
simulated camputer world is superlor to the real world in that it

can' have a degree, of simplicity or camplexity to fit the needs

arnd level of the students. _ .

‘We have tried to use ccmputers as fully as possible to reproduce

real-world uses of the ccmputer (cf "Cosmic Explorer” in the
Data Analysis Unit); to create. J.maglnary -worlds where mathematics
is needed ‘to function (cf. “Turtletalk" -in the Turtle Gecmetry
Unit); and to provide a needed transition between concrete ahd
abstract activities (cf. "Guess My Bag" in the Sampling Unit).

However, we have also tried hard to remember that carputers are
just ‘one tool in a teacher's arsenal; apd, although théy may be
the best tool for certain purposeg, they are surely not the best
tool for all purposes. Thus, most of the activities in the units
do not involve camputers; rather, they invelve physwal objects,
games, worksheets, and class dlscussmns. " The camputer programs

were designed to be used in an* 1ntegrated way w1t‘h other
1]

activities. They should not be used by themselves. )

. Although computers can be used effectwely for drill. and practlce
or for programued leam.mg, we chose not to use them in these
“ways. ~——Rather;—we-set—up—situations—where—students- control- the.

computer as a tool to actively expldre new' concepts. We hoped
computers could provide for interaction be:tween students and
ideas. In' fact, the camputer activities were intended to be

playgrounds of ideas where students experiment with parameters. :
They can try to predlct what will' happen, dlscuss results, and
' challenge each oéher s hypotheses. . H
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Intended Andience - ” . Lo ' ‘

Computers are frequeritly. uséd exclusively with groups Qf high {

achievers (for enricl)ment) or with low achievers (for
. ) remediation). We designed the units to be used with hetercgenous
classes. The activities should be accessible to everyone, with
all students being challenged at their own level. Since the
students are in control of the cvamputer, they carf chooge, in mapy
instances, their-oyn level of camplexity and abstraction to work _
on. ' a . ’ . ’

. N R -

Classroan Organization, . -~ - ’ ' * .

4 - All of the wunits are desighed for classroams with at least two

16-K PET camputers. This means that only same of the students in

a class can work on camputers at one time. Except durmg the

Turtle Geametry lhit and part of the Ihput-Output Lh:Lt, teachers L

will need to have pregpared work fram outside the units for the

rest of the class to work on while some students use the

canputers. Since students need little teacher direction during .

computer activities, and since the unjits can be only a part of

the middle. school mathematics program, teachers have not fownd it

a .problem to intérweave the computer activiti®s into their

curriculum. Teachers should be aware that they need tp schedule . .
the camputer ‘use ‘and that they need to.establish an understanding ot
with students as to how other work will be made up when they are -

on the ccmputer Middle school students can be made responsible
for asking other students for assigmments or directions they
missed vhile on the camputer.

All computer work and much of the non-camputer work in the Units
is carried out by students working in groups of two to four. The
grouping shortens the time needed for all students to have
computer access. However, the prime motivation for designing
group activities was not to ease camputer access. Rather, it was
because we believe that students often learn better in groups.
.Working with others, they can share and criticize each other's
ideas and, thus, can progress farther and more qulckly than they
could if they “worked alone. By discussing seeming contradictions .
with each other, they will came more qtnckly to an accammodation  °

with new’ ideas. Fuirther, it is important’ in our society, where

much problem-—solvmg is done oollectively, for students to learn '
to work with others in a cooperatlve wy. | . '
Teachers who prevmusly have not tried havirng students work in
groups tend to fear that students will bécane undisciplined when
worklng in groups. We have found that, except in classes with
real discipline problems, these :fears are growndless. Teachers
do need some reassurance that group work will be effective. It
is ‘especially helpful ' for teachers to have interaction with each-
other when they are first having students work in groups. They.
~ can share good 1deas/ abqut setting and reinforcing ryles with

» each other. )

ERIC e
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INSERVICE PHILOSOPHY
1 ' P s . ¢

-
(3

One important lesson from-'Math Education research is that
teachers generally teach concepts in the way, they learned those
concepts themselves. Thus, if we want teachers to teach their
student's in an active way built on group problem-solving and
concrete experiénces, they must be exposed to learning (or
re-learning) using these same°methods. Thus, if teachers are to
use the suggested methods when they teach the . units, ?yq;)u,, the
Master -Teacher, must use these methods +in the. iffservice
sessions. In our experlence, almost all the teachers enjoy-
learning. and working in these ways. “The few who resist these
methods can be scmewhat gomforted by hearing that most students
learn best in these ways and that they need to experience what
their students will do so that they will be prepared for
pitfalls. Many teachers who resist guessing and exploration are
feeling insecure by being taken out ‘of- a context of memory
learning, a method that was successful for them. ‘ '

The best way to-present these units to teachers is over a long
2nough period of time so that they have a change to begin
teachfig with a unit before their contact with ydu and with each

‘other is cut off. fThis timing will give teachers a chance to

share ideas with ‘each other. We have learned many ways of

" improving the units from the-teachers 'who field-tested them.

There was not room to put all their good suggestions in the
Teacher's Guides. Thus, there are not remedies fof many problems
in the Guides, but other teachers using any of the units will
have good suggestidns for sameone using the unit. - “Probably most
of the teachers you work with will be using the. same curriculum

-and will have good ideas for each other on ways to integrate the

units into the curriculum or ways to modify or extend the uhits

| so that they dovetail more neatly into the other work.

Even if teachers are not able to teach %hexl.l'\lts whlle they are
still learning, they will have gqod ideas about how to use them.
Since the timing for inservice segsions was ‘set up to be as short
as p0551ple, only five minutes: were left .at the end of each
session for discussion. .If more time is ‘available, you and the
teachers will benefit greatly by longer discussions at the end of
each session. It will be helpful if you have time at the end to
go back and discuss potentlal pitfalls and extensions for each

~activity 00vered

\
A} . .
’
-
.
N

SCHEDULING THE INSERVICE

¢

All 1nserv1ce sessions on the :mleldual units are planned for at
least two hours. _ You should not spend less time-on the units if

.
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you want teachers to feel comfortable teaching them. More time -
- easily could- be, used "for each unit on final diséussion, the

camputer aCthltleS, and activities that are in the unit but not
in: the inservice-plan. ° .

N
.

If- you have sessions that .are'. shorter than two hours, - there -

should be no problem in working with any unit oter several
sessions. Just remember to leave time for review. There is no
preferred order . for covering the units as long as any
prerequisite unit has been covered’ preViously The Data
Analysis Unit is a speCial case ih that it requires 3 or 4 ten
‘to fifteen Winute periods to. have taken - place in preVious

sessions before the main body ‘of the unit is coVered in a-

two-hour session.
e 3

-

If you have additional sessions available, you might -want to ‘use
time to lock at and evaluate software that is not in the units.
You may wish to cover fewer than all seven units. in favor of
looking. at other kinds of software. It will be interesting ‘for

teachers to see some examples of drill and practice programs |

designed for programned learning as well as more s’trategy games
and simulations. After camparing a few MNCP units to the other
software, teachers can begin to decide how they want to use
camputers in their classroom. They probably will-want to design
their own units around the other computer programs so that
students  will learn the concepts campletely.  Designing these
units will be an excellent actiVity for small groups of teachers.

~

Another important activity for teachers will be discussing ways

of getting more computers. Same teachers may need help fram
other teachers in convincing their school administrators to allow
them tb use camputer curriculum with their classes. Role-playing
sessions could help teachers think of ways to convince others. ‘

Many ‘of the te&chers you work’ with will want to became or will
.nged to bepame master teachers for other groups. If this is the
case, try ‘to leave time in a session for teachers to plan

, inservice sessions. “You might “brainstorm some’ important elements

for inservice work before they begin’to plan. In this way they
will"  be more 1likely to include active, small group, and
exploratory activities for their sessions. g T

[y

.
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. _INPUT - OUTPUT UNIT
Time 2 hours’ 4
\ o
Materials ‘ )
Overhead projector .
"Mystery Tower" transparency N
" Input-Cutput Machine", transparency . ,
.2 "Other Machines Worksheet" for- each participant
t L "Mystery Mac‘h:mes Worksheet" for each group of 4 teachers
" 1 "Exanples of Conditionals" Worksheet for each participant
"WiZard" camputér program ,
1 "wizard's Workshop hlorksheet" for each group of 3 or 4
2 Sets of CuJ.sena:Lre Reds
50 Cubes °
5@ beans
Z Copigs of each of the 8 "W:Lzards Workshop" experiments ' .
1 "Basy Speak ‘Symmary SHeet" fér each participant . ¢

Easy Speak "Camputer Program”
1 PET computer per 2 participants ‘
(If this is not possmle, at least 1 computer for every 4 partchpants)

¥ . \ -

Time Activity ‘
< ' 5 min - Introduction . .
- ) . 10 min v ‘ The Fable of the Vizards
‘ 15 min Input-Output Machines =
.o , 20 min . ©  Mystery Machines T
- . 20 min . Wizard
h . .20 min Wizard's Workshop
R 5 min The Human Coamputér
20 min - - Easy Speak
5"min Summary

¢
e .

' - dotal: 2 hours/

-



Ovewnz,ew for Master Téacher

"The, use of matematlcal symbols and phrases is difficult for many beglnnlng
algebra students. : Students have litt¥e experience in speaking or writing
matematics in ‘a meaningful way. Anyone who has taught algebra understands
that students have great difficulty in writing appropriate equations for word
problems. Now the camputer and an idea of Seymour Papert's™ give us an
opportunity to allow students to use mathematical symbols in a meaningful way
‘before they meet word problems and 'formal algebra in high school.

. Papert's idea is to use the camputer to create a "Mathland", a motivating,

., often artitical 'environment where students must use math, or algebra, to

survive. In .this unit, the "Easy Speak" computer program presents a world
where students.use algebra to create Input-Output machines. .

e

. Input-Output maeh;mes stand for functlons, which are important throughout
mathematics. .Most formulas can be thought of as functions. Thiis, this unit
mprov1des students with an opportumty to becane comfortable with functlons
and formulas before' they meet them ih more advanced courses.
In addition, the work with Input—Output machlnes requires students to search
for patterns. This search is a way of thinking which is requ1red throughout
the study of mathematics (cf. * the Overview of the Teacher s Guide for
further explanation). .

The unit begins with an introduction to Input-Output machines through "The
Fable of the Wizards". ~ The next three activitigs provide practice with
* machines and conditional stategents while students learn to work in groups.
. The machines students work with are rules .that do not arise from physical
situations; rather, they are invented with no motivation except the challenge
of finding a rule. In "Wizard's Workshop", students explore concrete
physical situations which give rise fo Input-Output machines. This
concreteness is crucial students understandlng of input-out machines (or
functions) and to their later understanding of algebra. It is the one
activity where mathematical rules are linked to activities in the physical
world. Teachers should be cautioned not to skip this activity (even though
it involves scme work for them to collect the materials). In the same vein,
it is important that master teachers do some Of these- activitieg with
teachers; otherwise, 4he teachers may feel uncomfortable trying "the
activitiess with students. -
The "Human Computer" activity introduces the language, "EASY SPEAK" (a
version .of of algebra) as a means for®students to express Input-Output
rules. Once students are comfortable with the Easy Speak language, they can

madhines can be stored on the -Network; thus, they can be analyzed by students
fram other classes. , '

.

[ ’ ‘ .

‘1 of. Mindstorms by Seymour Papert, Basic Books, N.Y., 1981. C
Mindstorms :

\ .. .

- use the "Easy Speak" camputer to create their own Input-Output machines. The
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. Time 5 minutes : : . ' . )
Materials None

- : -
You should make .three points in the introgluction: .

This unit’ is prerequisite to others. *

A . <K
- - The subject may be unfamiliar but it is important.” ‘ .Véﬂ\/ )

Gueseing‘is a useful technique for learning mathematics.

1 v,

~
| v L

Prerequisite e .
The Input—Output Unit 1s prerequlslte to two other MNCP umts. Strategies
* and Business. . .

Important Subject ' | b

{
Although teachers may not have seen sinput-output machines or a language like
Easy Speak, they embody important mathematical ideas: functions and
algebraic notation. The unit will 'be most helpful in building an
understanding of functions and symbolic notation.

T

Guessigg . : . . < . ,

. e
The procedure used in this unit will be, fmdlng patterns or rules by first
guessing a rule‘and then checking whether their rule fits. If the rule does
not fit, students must.guess some more. Although guessing is traditionally
discouraged in math classes, it is an important toof for mathematicians,
which they label as "conjecturing" or "making hypotheses". Warn the teachers
-that they and their students might feel uncamfortible with tRis process at’ .
the beginning, since they've so often been discouraged fram saying samething
that in mathematics classes may be wrong. BN -0 "

~ N A
v

- .

.

: AN ‘

r ; :
. The Fable of the Wizards - - -
Time 10 minutes ) ’ ) -
Materials i . . o
overhead projector o, .

Mystery Tower transparency ' ) . . ! .
. ' ) o ' ‘ TN

O . . -18- ‘ N R T ’ .




- “Materials . N

4

Go through the activitgz as desqribed in the Teacher's Guide. Try to use the
_ Teaching Notes described in this section of the guide whenever appropriate.

&~

. Input~Output Machines
Time 15 minﬁtes !

Materials
"Mystery Tower" transparency 4 * .,
overhead projector ’ )
"Input~-Output Machine" transparency
-1 ."Other,Machines Worksheet" per teacher

-~

Ask the teachers to summarize the properties of Input—Output machlnes. In
partlcular .

e .

1. <You input a number and another one ccmes out.

2. It does the same thing to each number.
3. The order you put the humbers in doesn't matter. (ie. if you put
in 4 as the first number and as t‘he sixth number, ‘the machlne w111 glve .
the same answer. .

Go over the teaching notes on page two with the teachers.

Introduce the T-shape (the table) as described in the Teacher's Guide.

Suggestions
Put

Describe the Group of Four activity and discuss working in groups.
for teachers' using group work are in the Overview to the Teacher's Guide.
the: teachers in ramdcm groups of four and let them work on the activity.

Spend a few minutes at the end of the activity discussing the power that cames
fram group work (ie. 3 or 4 heads are better than one).

Mystery Machines
Time 2:@ minutes
Overhead projector
Input-Output Machine transparency

1 Mystery Machines Worksheet- for each group of 4 teachers
amples of Conditionals Worksheet for each participant

~11- 1 -~ .

o
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Using' the trénsparency or a chalkboard,‘ introduce the three Input—Out/:put“

machines on page two of the Teacher's Guide:

1. CONDITION: INPUT < 6
QUTPUT = INPUT

2. CONDITION: INPUT > 6
OUTPUT = 10

1. CONDITION: EVEN (INPUT) . : .
* OUTPUT = INPUT + 1
2. CONDITION: ODD (INPUT)

OUTPUT = 20 - INPUT ' s
1. CONDITION: FACT (3, INPUT) ' o
OUTPUT = 11

2. CONDITION: NOT (FACT(3, INBUT)).
OUTPUT = 2 * INPUT

Teachers will describe the rules for these machines in English, and you will
show them how to use EASY SPEAK to write the rules. ‘

Thenn ‘have teachers work through the Mystery Machines worksheet in groups of
four. If_they work as a group, they will work much more guickly than as
individuals. Ask the teachers to give hints to other group members rather than
tellihg them the rules. All groups may not finish the entire worksheet in the
time allotted. Explain the "Examples of Conditionals" worksheet, although they _
may not have time to work through it.

Time 20 ninutes '

Materials . - ‘
. l . .
. . /
1 PET camputer loaded with "Wizard" for half the groups of-3 or 4 teachers
1 "Other Machines Worksheet" for each group of 3 or 4 teachers

¢

]

Half the teachers will work on Wizard while® the other half works on Wizard's
Workshop. Explain to the_ teachers that they can let groups of students rotate
. through this computer act1v1ty w‘nlle other students do Wizard's WOrkshop or
other g¢lass material. o N .

The .computer program should be self-explanatory. Teachers should recbrd the
seed number and table for each machine they attanpt on the worksheet.

-12- L4
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' Wizard's Vh‘rks}‘np
Time 20 minutes ’ ' ’
Materials '
v 2 "Wizard's Vbrkshop" experunents for each of the 8 experm\ents .
~ 1 "Wizard's %orkshop Worksheet" fot each group of 3 or 4 - —
2 sets of Cuisenaire Rods | . e
56 cubes .

50 beans . ‘ - A
“ N\
Prepare two Wizard's Workshop experiments for each of the eight experiments.

Have the teachers work in groups of 3 'ar 4 on the experiments. They probably
wori't have time to do more than 4 experiments, and same groups will do less.

- ¢

- . -
Time 5 minutes. .. -~ “sispe O

Materials . b Yo
1 Easy Speak Summary Sheet for each teacher ’

1 PET computer loaded with *"Easy Speak" located so all teachers can see the
screen
1 "Examples of Conditionals"” Worksheet for each teacher

.

.

Explain the importance of the "Wizard's Workshop" activity to the teachers (cf.
the verview for Master Teachers above). ,

Choose one conditieonal Input-Output machine that the teachers are familiar
with. Demonstrate the use’'of Easy Speak to create this machine. If you cannot

place a computer so all the  teachers can observe it, then you can’have the .

teachers gather in groups of 4 around computers and simultaneously create the
machine .

Be sure all teachers know that if all inputs are treated alike by the machine,
they only use one condition, and that is:

.

» CONDITION: ALWAYS \ .

Loy

-~ e~*




Time 20 minutes . . .

.

NMa

|
|
} Matenals ) .
1 PET camputer loaded with "Easy Speak" for each pair of teachers -~ -~
‘ ' (If you don't have enough computers, teachers cart work in fours. y -
|
|
|

-

B

3

~ ¢

A
. .
. - & - . .

If teachers are working in pairs, have them create a mdchine for anothér group.

Then they can guess the' rule for the second group's machine. If teachers are

. working in fours, one pair can create a 'machine for the other pair, and then

/ trade places. Some teachers may prefer to create sevberal machm s £
‘ themselves rather than for other groups. They can learn a 1ot by seeb&e
consequences of their creation. j

Time 5 minutes
Materials None

' J

Solicit opinions from the teachers about the usefulness of this unit for
algebra.

¥
Discuss the process of guessing and finding patterns Find out if the teachers
were uncomfortable with this process. Discuss ways to make studdents feel more N
canfortable. : ’

-

b

Ask the teachers once more to discuss their feelings about group work. .

’
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MYSTERY MACHINES -, .
' Al v .
. r'd - '
. ~ ,
™ | ot . f S IN |~ oLT -
1. | 7 r“‘\ o | 2 e
C2 9 . 2 22
3 | MACHINE B |, 3 6
4 13 N\ S Y-S EV
5 15 ) 5 10 -
6 17 ) . 6 66 -
) | .
A — \
l. "4. h - ‘:
- In ouT . N cuT
1.4 2 \' [ - 7 5
2] 4 8 5
3 6 | MACHINE D- o ‘5
V4 .| 24 X R 10 ] 13
. 571 30 N/ - 1 | 13
6 36 . 12 13
N ] ot _ ) IN_ | ouT
5 15 ,__\ ~ 3 8
6 14 " 4 11
2 .113 - MACHINE F s 14
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EXAMPLES <OF CONDI'TIONALS
: . -

A\

Listed below are six sets of conditional statements in EASY SPEAK and Six
tables.” In the spaces below, write the letter of the table that matches the
num‘be?ed statements. One of the ’six does not match‘ '

I. ITr. - . V.
... Iv._ S v, '
N\
I. 1. COMDITION: INPUT > 6 IV. 1. COMDITION: EVEN(INPUT)
t - OUTPUT= 20-INPUT - " OUTPUT= INPUT-1
- \ 2. CONDITION: INPUTE 6 " .. 2. CONDITION: ODD(INPUT)
) 'OUTPUT= 2% HPUT-1 OUTPUT= 13-INPUT
-~ ) ' T .
3 II. 1. CONDITION: EVEN(INPUT) V. 1. CONDITION: INPUT< 6
OUTPUT= 8 o, : OUTPUT= 3*INPUT
¢ 2. COMDITION: ODD(INPUT) " 2. CONDITION: INPYTZ 6
- OUTPUT= INPUT45 \ OUTPUT= INPUT*INPUT
III. 1. CONDITION: FACT(3,INPUT) Covno1. CONBITION: FACT(5,INPUT)
OUTPUT= INPUT*INPUT QUTPUT= 2*INPUT+2
2. CONDITION: HMOT FACT(3, INPUT) 2. CONDITION: .NOT(FAGT(5,INPUT))
. QUTPUT= 3*INPUT - OUTPUT= INPUT+7
A B c D E F .
INPUT OUTPUT  INPUT OUTPUT  INPUT OUTPUT  INPUT CUTPUT  INPUT OUPPUT  INPUT OUTPUT
"3 | s At 3 2| 8 v o8 - 2| 4 1| 8-
4 | 9 2| 6~ 3| 8 5| 10 6| s N 2] 9
5 9 3 9 b 8 6 | 12 1 12 3 10
6 11 3 12 5 10 70w b 1 3 4 1
7 13 5 15 6 8 8 16" 5 1°8. 5 12
8 12 6 | 36 ? 12 9 | 13 9 | b 6 | a3
9 1" "7 21 8 8 10 | 14 3 10 7 b
10 10 8 2k 9 Al 11 15 8 7 -8 15,
‘11 9 9 81 10 8 . 12 10 7 6 9 16
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EXPERIMENT TITLE

WIZARD'S WOPKSHOP

TABLE
s D ’
. DESCRIPTION
. OF TABLE

*CRITEPIA QUEST{ON
FOR YOU GET

f
EXPERIMENT TITLE

@

-DESCRIPTION

OF TABLE

A [

*CRITERIA QUESTION

JFOR___ YOU GET

e

14

EXPERIMENT TITLE

", TABLE

TABLE
DESCRIPTION
OF TABLE
,*CRITERIA QUESTIOHN
_FOR *YOU GET,

" EXPERIMENT TITLE

B

DESCRIPTION
OF TABLE *

. ~*ERITERIA QUESTION - .
FOR YOU GET
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CUBE TOWER PAINTING

With, the first tower DON'T

there are 5 squares COUNT
to paint. THE

. BOTTOM

@ ’ SQUARE

(4 sides and the top) - 1 ,j
W S

.
e
3
¥
L

*Suppose you

WIZARD'S WORKSHOP

With the second tower
there are 9 squares
to paint.

SR
R

iuilt the 99th tower.

Suppose you hdd,.to paint each square on the tower.
R P

MATERIALS: ~°
10 or 12 cubes '

L3

How many squares for -
the 3rd towex?- 4th? ,
Make a table.. ,

SQUARES:

a
2%
33

How many squaz."‘e;s would you have to paint? 2o
. I v | -
FOR MASTER WIZAPDS
‘ The first tower is the same,
but for each succeeding tower . B
you add two cubes to be painted. / g .
. ] (I
l‘z ND RD ¢ -
: . sl 2 5= Vi
4%‘*’ RS TN %‘K * WIZARD'S WORKSHOP -
«, BEANS AND WAYS . . . MATERTIALS :
10 or 12 beans' .

_*Suppose you had 50 beans.

< )

%

&

With just 1 bean,
there are 2 ways
to put it into ' 3

With 2 beans, you can put
them into the containers

different ways.

the containers.,

&

F0

\

Co

How many twvays could you
put the 50 beans in the
containers? ’

FOR MASTER WITARDS

All is the same, except
N »

that there

are three rontaincrs.

-21= 3

(or counters)
2 cups or squares .-
“ ’ drawn oh paper

A
1

’ -y

How many ways. £0r

3 beans? 4? Make
a table.
Beavs | WAY'S.

o) 2
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WIZARD'S WORKSHOP '~ *
B \
SECTIONS ON A LINE E . . .- | ‘
_ |With one p6ﬁnt, you With 2 pointg, there ' Continue mdking points. 1
would have 2 sections would be 3 sections. and counting sections. 4

. - 4 B VTR o '._

N T | CIN.,/ V) !(2(_:(-//0/\/‘-’) -

0

g2

S 33
. ) ) . - ” % J )
. ; { i
. " *If you put 20 points on a line segment, how many sections would you count7 '
v " FOR MASTER UIZARDS . s
“ Y Instead of points, you draw c1rcles (the sides don't touch), .
, How many sections would you count? - ’
P not allowed . okay—4? \<;’// ;\\~;//‘, v
Y <y , . ' e . M
hY w » 5 <
¥ N o -
} \ ) * WIZARD'S WORKSHOP .
} ¥ .1\
. ’ ") Y I ' -
STAMPING RJDS SR . MATERTALS .

- e R

1 rod of each col color
Suppose the white Cuisenaire rod were a rubber stamp.

It would stamp.a shape like thjs: E] . How many stamps would 1t take to cover each
of the other rods?’ , - . .
. . , q .
. OONTI_NUE THE STAMPING,
The white .rod The red rod ROD STAMPS
takes 6 stamps. takes 10 stamps. I-white L6
- 2-red 10
3-light- gr. -
Eigif ] 4-purple
(Don't forget y 5-yellow , ) .
the bottom!) A7~ €~dark gr. B
7-black '
8-brown
*Suppose you had a rod 32 units ]ong; 9-biue
how many stamps? l0~orange N

FOR MASTER WIZARDS:

Instead of starting with the next rod, you pretend

to glue it to the previous rod (s): Ejfjj

G sTAMPS

4 sTALPS

st -
1 :2'1‘1

ﬂfm
A etc.

-

3rd




, ) ) \ " W IZMRD'S WORKSHOP
i , ’ \} - ' ' N

A ROW OF, TRIANGLES <« )

’

WITH 1 TRIANGLE, WITH-2 TRIANGLES, WITH 3 TRIANGLES,

‘ PERIMETER " THE PERIMETER IS . . THE PERIMETER IS
IS 3 UNITS. 4 UNITS. ‘ 5 UNITS.
- ¢ , )
1 ]
. i
f e -

*If you lined u£> 100 equilateral triangles in ‘a xow

4

CONTTNUE THE

EXPERIMENT,
/ .
L Tri- ‘peri-
angles metexr °
] _ 3
2 -4
3 : .
4 , a,

l

_»  what would the perimeter measure?,

3+ FOR MASTER WIZARDS:
(:- a“ - .
. Insteadvof tfiangles, use regular hexagons.

»
] m

- d
- , B -

N VAVAVAVAVANES

WIZARD'S WORKSHOP
ROW OF ;

—r —

A SQUARES

(WITH 1 SQUARE,

<

WITH 2 SQUARES, WITH 3 SQUAERES''

THE PERIMETER THE PERI}ETER THE PERIMETER IS
IS 4 UNITS, 1S 6 UNYTS. 8 UNITS.,
' f it 1
-’ j - - P 2 T N T
+ — L T
* #1f you lined tp 100 squares in a row ( ) :
perimeter measure? hame :
FOR MASTER WIZARDS:
Instead of squares, use pentagons.
' ot - ’\\:*
’ ‘ 23w
M i
. - [N ~
: ~ LA

CONTINUE THE

EXPERIMENT.
Squares Perineter i
1 4
2 £
3

4 ;
}, what would the




T WIZARD'S WORKSHOP - . ;. .
- SQUARES FROM SQUARES o o L .
Tor a square | - | For a ‘side of For a side Continue the
r with side 1, 2, the peri- 1 of 3, it's -@Xperiment.
the perimeter meter is 8. 12. ~I
iS 4. l . * * L_ENG{H pgg N
i g
1 _ | &

ur.

9
" SN
. 1 1

| s/

«

*FOR A SQUARE OF SIDE 47, WHAT IS THE PERIMETER?
FOR MASTER UIZARDS E

INSTLAD OF. FLIDING THE PERIMETER FOR EACH SIZE SQUARE, FIND THE AREA.

. ~

/j WIZARD'S V/ORKSHOP

PAPER FOLDING

With 1 fold, With 2 folds,
you would have you'd have 4
2 sections. sections.

Make a table. Con-
tinue the folding.

FoLps. | sections

]

| 2
(?EEoL.D EACHT\ME) 2 % k.(y&j

' *

N

et

*IF IT WERE POSSIBLE TO FOLD THE PAPER 11 TIMES, HOW MANY SECTIONS WOULD

YOU HAVE? 25 ’
’ N \
D L . ‘)
! RN b % \
v ' _‘2[_‘_ v

»
-

7
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EASY SPEAX SUMMARY

t o i , ‘ " .
+ addition = -  equals
- subtraction . <d less than -
* multiplication ke greater than
/ ‘divigion <= - less than or equal to
4 exponentiation o . >= greater than or equal to °
’ <> , not equal to
o obp (INPUT) =
EVEN - EVEN (INPUT)
KLWAYS . Is always true.
NEVER Is .never true.
. . . LY
FACT . FACT(5,INPUT)
. Will be true if 5 is a factor ¢f the inpute«
NOT . - " NOT(INPUT < 10)
_Change the truth value of the statement. -
AND .  (5,INPUT) AND (EVEN(INPUT))
OR 1 (EVEN(INPUT)) OR (5 < INPUT)
SQR . SQR(9) SQR(INPUT)
° SQR(9) gives 3, the square root of 9.
INT - INT(4.2) INT(INPUT/B)
’ - -INT(4.2) gives the value &
. RD T™RMD(8,3) . . .. - ' ‘ R
' ' ¥ ‘RMD(8, 3) g1ves 3, the remainder of. 8-3. ) .
MAXIMUM MAXIMUM(INPUT,jO) -
MINIMUM, MINIMUN(INPUT*3;20),. ' = . ;
ICH . LeM(k &) " LCMCINPUT,24) \
‘ . LCM(46) gives 12 the Teast common multiple of 4 -and 6“
GCD - GCD(INPUT,S) GCD(’O 8) : " s
. ., GCD(20, 8) gives.4, the grgatest common dLv1sor of 20 and 8,
-3 4 . .
RANDOM - RANDOM(2,10) RANDON( INPUT ,20)
RMDOA(Z{AO) will randomly pxck either ‘
L 2, 3, l\;' )"’6 7' 8 9, or:10. N o

. - *
¢ . ‘ "25" ., v 7
s . N .
- N , ) . - . '
R

v
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STRATEGIES
Prerequisite Input-Cutput Unit
Time 2 hours ‘

Materials .
2 small objects (paper clips,. toothplcks, etc.) —
for every 4 teachers
12 large objects
12 small objects (paper clips, toothplcks)
per pair of teachers
1 PET computer per 3 or 4 teachers ,
"Guess My.Strategy" computer program - , .
1 "Guess My Strategy" Worksheet per teacher ‘ .
s "Nim Speak" computer program ]
1 "Nim Speak" Worksheet per teacher '
*"Easy Speak Summary" Sheet per teacher

X

B

. ’ SUGGESTED TIME FRAME

Time Activity )
5 min- Introductlon

18 min’ The Bone Game - s

. 20 min Basi¢ Nim B w .
35 min Guess My Strategy . =
_ 45 min Nim Speak
5min . Summary
’ ' OVERVIEW FOR MASTER TEACHER

The Strategies Unit builds -on the skills learned in the Input-Output unit.
Thus, teachers should have worked with the Input-Output Unit before learning
about the Strategies Unit. Just as with the prerequisite unit, the
Strategies Unit motivates students to find patterns and to use algebra to
express those pattems. You may wish to review the "Introduction for Master
Teachers" in the Input-Output section of this gulde before proceedmg with
this .new unlt. : »

)

. Most of the work in this unit concerns finding and expressing strategies for
a version of the game of Nim. Although this game has .a: "perfect" strategy

' (ie. a way of playing where one can always win if glven the choice of being
the first or second player), the emphasls in the unit is not to discover. this

one winning strategy Rather, the unit focuses on discovering and expressmg

the strategies~™ used by other players and on inventing and expressmg
strategies of one's own. This focus allows all students to partici ate in

Al

the unit at their own level in a creative way and does not restrix ~~the
4 activities to producmg dne. right answer.

b " \ . "'26"' ‘ ¢
) )
< \ . . . 2 8




¢

Adults often have a greater tendency than younger students to search out a
best strategy, and they find it difficult to focus on discovering their
opponent 's strategy rather than on beating theit opponent. Therefore, .it is
important in a workshop to interest teachers in the challenge of discovering
strategies. We have found that once a teacher is interested in dlscovermg
strategles, his or her students have no problem focusing on this activity. . .

Time 5 minutes . .
Materials None >

' : Bl

You should emphasize two points in the introduction: ,

W

This Gnit builds on the skills developed in the Input-Output unit.

The focus in this unit is not to find the one Pest 'strategy but to
discover and express a variety of strategies.
W

Both of these points were discussed above.

The Bone Game v
Time lG /T-inutes

Materials ‘
2 small objects per every 4 teachers (paper clip, toothpick, etc.)

’d

1
'

Show the teachers two small objects (bones). Hide them in your fists. Ask
them to guess if (a) there is one in each flst, (b) both in your right fist,
or (c) both in your left fist. .

Tell them thls is a variation of an $ld Native AMmerican game.  Have the
teachers pair off, and ask each pair to play against another pair. They are
to consult with their partners before hiding the bones and before guesslng
One pair should hide the bones five times with the other pair guessing. The
teams should continue playing, switching roles after each five times they

play. * - .

After the teachers have played for five minutes, stop them and discuss the
strategles they used both for hiding and for guessiny. Scme teachers/n‘\ay
consider their method toco simple or too obvigus. to mention, so you may need
to draw out thelr strategies. ‘

-

This game introduces students to strategles, gives them’confidence in thelr
ab111t1es to invent strategies, / and starts them in expresslng strategies. )
K - '

. f ! v
., . T -27- ' \ .
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+ Nim) .

[N

- Basic Nim
Time 2@ minutes

Materials
12 large objects (books, blocks, ete.)
12 small objects (paper clips, toothpicks, etc.)
for each pair of teachers

®

.

- Put the 12 large objects in the #ont of the room so everyone can see them,

or put 12 "X" marks on the chalkboard. Take turns with the class removing 1,
2, or 3 objects at a time. ILet the class decide whether to go first or
second. The one who takes the last object wins (unlike other versions of

>

Now have teachers play the game in pairs.” After about 3 minutes of play,
have each pair play against another pair. If some groups have found out how
to win, have them vary the nurber.of objects ang the number they can take on
a turn. For example, they could use 15 objects and take up to 5 objecté on a
turn. .

Guess My Strategy
Time 35 minutes g

Materlals < "
1 PET canputer\for every 3 or 4 teachers,
loaded with the "Guess My Stzﬁategy program
. 1 Guess My Strategy Worksheet for each teacher 2

. N :
Tell the teachers that now they have explored w1nn1ng at Nim.~ Next, they
will meet 6 Nim playérs in the "Guess My Strategy" camputer program. Their
goal is not tp 'beat, these players; rather, it is to figure out their
strategy. They will want to learn whether these players will go first or
second (and under what circumstances) if’ they are given a choice. Next, they

+want to know how a player will play at any given stage of a game.

“~ hY .
Note that the camputer will choose different numbers of objects to start with
and different maximums. Have one computer‘loaded with the program facing the

.clags so that everyone can see its screen. Have the whole class play Zerox

untijl everyone knows his strategy. Then have the class try to imitate hls
strategy by choosmg the computer option, "B. Imitate a Program

Make sure everyone undérstands that they are trymg to dlSCOVGI‘ the’ player s

strategy

Give each teacher a worksheet and” have them work in threés or fours at a
computer. They should play One-Track, ('bsessed, or Very Cool. Once they
think they know a player's strategy, they should tr¥y to imitate the player.

-28- |
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Lo

°  Nim Speak
Time 45 minutes

Materials .
1 PET computer loaded with "Nim Speak"
for every 2 to 4 teachers
1 "Nim Speak" Werksheet per teacher -
1 "Easy Speak" Sumary Sheet per teacher

Ask the teachers to describe' the strategy that "Very Cool" used (ie., goes
second if given a choice and always takes one until he can win in one move).
Tell therh they will now teach the camputer to play Nim as Very Cool does.

They should choose "2A" from the menu ("Program My Strategy"). They ¢an
choose a number (from 12 to 20) of starting matches which will be used in all
games, or they can type "START". If they choose the latter, the computer
will choose a random number between 12 and 29 to start each game. Most
students should begin by using the same marber for each game, but the
teachers should type "START". Slmll\arly, they should type "MAX" for the
maximum matches to.take on a move, while their students will begin with a
fixed number between 2 and 6. '

The teachers will use the Eésy Speak language plus 3 variables: Start, Max,
and Left (the numbet of matches left in a game) to express a strategy.

Next, the camputer wants to know the condition for going first (if given a
choice) . 1In the case of Very Cool, it is NEVER. Next, they must figure out
how to tell the computer to play as Very Cool does. They should come up with
samething like: ) - .

’
'

CONDITION: LEFT>MAX I
TAKE: 1 ‘ )
CONDITION: LEFT<=MAX
" TAKE: LEFT

£ .

I

Now have the computer play Nim using the strategy (by choosing "E' from the.

menu). Tell the teachers that the computer must check all their statements
for a conflict before playing. They will see a flashing "T" (for "thinking")
while it checks. - Show themt how to edit or change their strategy. -

Now let the teachers invent strategies using the Nim Speak program. ILet- them
try to guess each other's strategles .

Time 5 minutes 1

] . ~29 | ,‘ 31
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Materials MNone

Review t"he purposes of the units: to find patterns and to use algebra to
express patterns. Discuss any questions the teachers have or any problems
they might anticipate havirig with the students. -




GUESS MY STRATEGY WORKSHEET '

Be sure to tell the PET you want to (A), Play With A Program. You can

choose One-Track, Obsessed, or Very Gool. R ‘
’ ’
' "Play several times with the same program until you think you know its
strategy. . . ' , ‘
1. Name of Progranm

-

2¢ Describe your program‘sﬁStrategy.

.

{ 3. How does your prégram feel about going first?
t .
4, Do you think your program is a gcod player? Why? 7

-

L]

See if you ééa_imitate your program!

-




Game 1

Start With:

Max to Burn:.

If your program had a choice, did
it choose to go FIRST or SECOND

(circle one)?

PLAYER BURNT | NO. LEFT

)

Game 3

Start With:

Max to Burn: -

If your program had a choice, did

it choose to go FIRST or SECOND
{circle one)?

PLAYER BURNT |  NO. LEFT

Game 2 ’ o

.

Start With: ‘

——

Max to Burn:

If your program had a choice, did
it choose to go F1RST oi* SECOND
(circle one)? B

PLAYER BURNT NO. LETT

(S

Game 4 )
Start With:

Max to Burn:

N i
If your program had”a choice, did
it choose to go: FIRST or SECOKD
(circle one)? AN -

i

PLAYER BURNT MO. LEFT




%

Nim Speak Sheet

Programmer:
) 1. Start with:
2. Max to Take: »

3. I Shouwld Go First If . : h

o
Then I Take ‘ : )
5. If
The.n I Take - : ’ . _
6. If ’ ~ ‘ . _ .
Then 1 Take
7.1 T ' . s

Then 1 Take

(o 4]
=
s

Then I Take A

TYn I Take o . S
10. 1 . o .

Then 1. Take : o s .

‘ .‘11. Ir
Then 1 Take ' o ‘ | !
. 12 If L
Thén I Take

13, If , : .

Then I Take .




EASY SPEAK SUMMARY

._’ \

+ addition ‘ = equals
- subtraction < ~ less than .
* muktiplication > greater than
/ ‘division. <= less than or equal to
4 exponentiation >z greater than or equal to .
* : . <> not equal to S ’
#©  om. 0DD (TNPUT)
. ' . N
IVEN EVEN (INPUT) . /
ALWAYS . Is always true. ’
" NEVER ‘ Is never true. '
ot
FACT FACT(5,INPUT) | :
Will be true if 5 is-a factor of the input.
NOT " NOT(INPUT < 10) . ) -
Change the truth value of the statement. ~
AND (5,INPUT) AND (EVEN(INPUTY) _ g
OR - (EVEN(INPUT)) OR (5 < INPUT) a :
~ SQR SQR(9) SQR(INPUT)
. SQR(9) gives 3, the square root of 9.
¥ ~ '
INT INT(4.2) INT(INPUT/S)
INT(4.2) gives the val
* RMD RMD(8,3) |
RMD(8,3) gives 24 the remainder of 8% 3
» MAXIMUM MAXIMUM( INPUT, 10) i
MINIMUM " MINIMUM(INPUT®*3,20), Sl e T T
LCM LCM(4,6) ~  LCM(INPUT,24) .
. ] ) LCM(46) gives 12, the least common myltiple of 4 and 6, , ~
GCD GCD(INPUT,5)  GCD(20,8) =
GCD(20,3) gives 4, the greatest common diviser of 20 and 8,
RANDOM RANDOM(2,10)  RANDOM(INPUT,20)

~ RANDOM(2,10) will randomIy pick either '
2’ 31 l*a 5a'6| 7| 8‘| 9, or 10.

e 36
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BUSINESS

Prerequisite Input-Output Unit -
Time 2 hours ‘ -
Materials
"What's Ice Cream Worth To You" worksheet per teacher
“ILemonade, Pencils and Apple Pie" worksheet per teacher
"The Typist" worksheet per 4 teachers
"The Bditor" worksheet per 4 teachers
“The Pilot" worksheet per 4 teachers
"Making Worksheets For Other Groups" per 4 teachers
Tutoring Service" camputer program
1 "Tutoring Service" worksheet per 3 teachers
"At Your Service'" camputer program
1 "At "Your Service" worksheet per-3 teachers
, 1 PET camputer per 3 teachers

S e

Time Activity
. , 5 min Introduction g
15 min What's Ice Cream Worth 'Ib You?
20 min Lemonade, Pencils, and Apple Pie
20 min The Camputer Programmer.
15 min Practice Businesses
15 min Tutoring Service
25 min At Your Servi
5 min

. Summary

Overview for Master Teacher
The Business Unit builds on skills learned in the Input—Output Unit. The
input-output machines  used in this .unit, however, are all of the form
Output=A-B*Input, where A and B aré numbers. We have learned frcm experience
that the rule for this”/ sort of machine (where the output is obtained by
subtracting the input or a multiple of -the input fram same nurber) is
difficult for teachers as well as students. Thus, the first two activities

in the Unit are devoted to developing skill in finding these rules. Teachers
should be cautioned to .not go on with the rest’ of the unit until their

Q v _ael ' N
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students are comfortable with finding these rules. Similarly, if the
teachers you are working with have very weak mathematical backgrourds, you
- . may need to spend more time on the first two activities.
. . )

As in the case of the Input-Output Unit, this unit is designed to notivate
students to find patterns and to express those patterns using algebra. You

. may want to review the "Introduction for Master Teachers" in the Input-Output-
section of this guide before proceeding with this new unit.

The BuSiness Unit, unllke the Input-Output Unit, is concerned with finding
,patterns and algebralc rules to describe rea} world situations, namely, the
relation of Hours Worked (or demand) to the hourly Rate Charged. -In
conducting a business, people want to know what hourly rate they should
charge. If-their rate is too high, they won't get enough custamers to make
much money. If their rate is 'téo low, although they may get plenty of work,
they may not make much money since they are charging so little. .

In order to set the optimum prices for services and for products, businesses
often need to have an algebralc rule which.approximates the relation of
prices to demand. One can't use a neat algebraic formula to describe _the
-exact relationship, but one can find a nice formula that cames close. These
formulas are called Mathematical Models. 'In college business and statistics
courses, ways of finding Mathematical Models for real situations are
studied. In this upit, we will only loock at the neat formulas (or
- .mathematical models) themselves. The teachers and their students should
U “*understand that we are studymg "phoney" or idealized businesses and that the
“real world doesn't fit so nicely into mathematical formulas. However, there
is real value in studying idealized businesses since they are used in real
life to.make business predictions and decisions.
If any of the teachers,you are working with teach algebra or pr&algebra, you
should be sure to point out the significance of the numbers A ard B in the
- formulas:

; Output = A-B*Input.
In usual algebraic notation, the formulas we use in this unit are written:
. Y=A-Bx

The graphs of the equations are stralght lines, and the number A is the
y-mtercept, while B is the slope of the line.

Introduction - &

Time 5 minutes

Materials None




{

"Teachers can use this unit w1thout prior knowledge of bu51ness .
. { mathematics. ’ , T

The 1nput—output rules: which “occur J.n this umt may be dlfflcult for

) students. i , .

¥ . . - . IS
The businesses studied in this unlt are’ smmlatlons of real businesses

-

(or 1dea11zat10ns) but simulations are often useful .

¢ °

—_— L3

You Can Do It . L

K M
‘ L
) 4
You should make three points in the introduction: >

You might ask the teachers if thef/ feel uncdnfertable with this subject matter
and let them express any fears they might have. You can reassure them that . |
all they will need to know is certain kinds of input-output rules which they ‘

\

o

will learn apbout in this session. They already know what they need to know
about business, ie. ' if you charge more, you'll generally sell less.

Difficult Rules

Eveh students who-did well with the Input-Output rules may need same time to
become camfortable with the rules in this unit. Thus, the teachers will need
to spend sufficient time on . the early act1v1t1es They. should be prepared to
spend an extra day on the second activity. )

-

h ) .. - v

, Use of Simulatidns . . . -
Explain the need to work with simulation businesses, as described in the <
"Introduction for Master Teachers." . . |

. « ! ‘
|
|

vhat's Ice Cream Worth To You -

-

Time 15 minutes :

Materials . | o
1 "what's Ice Cream Worth to You" worksheet per teacher

\
You may. want to change “the product duscussed fram ice cream cones to a product \? .
relevant to adults.. Sirloin steaks or cocktails are possible subjects.

Tell the teachers the purpose of this activity is to make the relationship of -
price to demand relevant to students. .

Proceed through the activity as it is described in the Teacher's Guide.
Ay

-
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. 15 minutes. You may need to help same guoups find the Zero Price Demand in

1

-

C o 20 minutes ' The Camputer Programmer

Follow the discussion of "The Computer ‘ﬁrogra:mler" in the Teacher's Guide.

. Lemonade, Pencils, and Apple Pie

Time 20 minutes-
Materials..._ ' .
1 "LFhonade, Pencils, and Apple Pie" worksheet per student - -

.
k . : S
. “

Have the teachers work in groups of ‘three or four on the wofksheet for about

Problem 2 by asking them to follow the pattern to guess at number sold for 1l@c
and then, for @c. You may need tQ give teachers more time if they aren't
camfortable finding rules. © a

In the last five minutes, conduct the discussion suggested in the Teacher's .

Guide. Also discuss the role of the number the price is multiplied by. (cf.
hoamework discussion at the beginning of "The Camputer Programner" activity in
the Teacher's Guide.) If no one mentions the mathematical terms y-mtercept
and "slope", you might point out their relevance.

Mention that there is a hamework sheet for students.

Materials
1 "The Typist" worksheet for each teacher

N
[

Caution the teachers not ‘to proceed with this activity until their students
are, comfortable findihg the input~output rules. They may need to make  up
another worksheet.

Then work through "The Typist" worksheet with the teachers. See if they can
explain how to find the real Zero Price Demand for ‘the Typist. ' '

Time 15 minutes .
Materials ‘ .
1 "The Editor" worksheet per 4 teachers
1 "The Pilot" worksheet per 4 teachers
1 "Making Worksheets for Gther. Groups" worksheet per 4 teachers
- - .

-38- 4 U
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.

O

s i , ‘- .

let teachers work in groups of four dn the workshéets. Leave scme time to
discuss the best price to charge (cf. . Teacher's Guide discussion for this
act:waty) , < ' .

.t

. ] , . ( T &, l ] . S [] & . :-\ -
Time “15'?minutes ,
] - )

1 PET camputer loaded with 'Iutorlng Service per group of 3 teachers
.1 "Tutoring Service" worksheet per 3 teachers

’

e v

Let the teachers work in groups of 3 with the program. Tell them they will
need to remind students to record data on their worksheets ‘and to find the
rule for one subj before moving on to another one. As soon as the teachers
s finish with the profram,  load "At Your Service" into the camputer.

-

Time 25 minutes T N

Materials T ’ h J
, 1 PET"camputer loaded with "At Your Service" per-3 teachers.

fo)
;
3

i ]
Tell the teachers that this act1v1ty should help their students see the
practlcal results of algebralc formulas. They should not expect their
students’ to Game up with real,.1st1c businesses.' The purpose of this activity
is to allow students to experlment with various formulas.

Demonstrate "Af Your Service" on one camputer as described in the Teacher's
Gulde. Use the variable AD w1th the teachers, but tell _them that they may not
wish 'tb use it with the:Lr students. : 3
-Then have the teachers J.nvent their own smmlatlons in groups of 3 Encourage
~ them to try ﬁ’ifferent formulas to see hOw‘ thier s:n.mulatlon changes. -

o ; . .

E \

at




CGo over the three points in the introduction: ' ' -

You Can Do It ° R T

Ask the teachers if they feel comfortable using this unit with students. if
they don't, another teacher might volunteer to ‘help them go over some
activities. they find difficult, - : .

Difficult Rules o N T

Remind them not to go to "The Camputer Programmer" activi v before students
are comfortable finding the rules.  You might discuss wgys to help students
find, the rules. ‘ / :

Use. Cf Simulations ﬁ/
Ask the teachers to discuss why simulations are usef(l.

< -
) . . a

| ' /,
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What's Ice Cream Worth To You?

e
The Sweetcooks are about to open their own ice cream store featurlng their
homemade . ice cream. They need same data to set their prices for ice cream

cones. For each of the prices listed below, write how many cones you would
buy a day at that .price. .
) 3 2
Price of a Cone  Number You'd Eat a DAY )
0 cents :
. © - ) ’ :
~ {53 cents . - .
3 © |100 cents )
150 cents ~
+ =
- Q bog cents - .
! 50 cents
N
-~ \ . 3
~ Yo .
. " f -
—— " ( :
- s ’ 4 )
\ ¢ ’#1\- *)
\ - : T . oL .o

Pl
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Business Unit
" Name

LEMONADE PENCILS AND APPLE PIE .

1. The chart below shows sales of cups of 2. The chart‘be1ow shows sales of

lemonade at different prices. apple pies at different prices.
Price of No. of Cups . Price of No. of P1es
Lemonade ,  Sold : Apple Pie Sold ) _ ‘s
o 70 0 40
10¢ 60 : . $1 5.
20¢ 50 : YA - E
30¢ 40 , $3 . 25
40¢ 30 $4 20
.. 50¢ 20 - . ’ $5 15
60¢ 10 - . $6 . 10 o
What is th€ Zero Price Demand? . What is the Zero Price Demand?
Answer: ! Answer g
Find a rule fdrmNB“f$91d . Find a rule for No. Sold
_in terms*®f Price: . in terms of Price: oo
No. Sold= - ot No. Sold= 2
.. . '3@&5 . : o o
3. The chart below shows sales of penc1]s ;7 = 4, For a certain Taco Stand, the rule
” at different prices. - for number of tacos sold 1n terms
. 3 of pr1ce is
Price of No. of Pencils IR N . Sold= 420-Price*3. o
a Pencil Sold R Nhat is the Zero Price Demand?
0 10 Answer :
’ 1 93 . ; '
-2 9 ~Fi11 in the chart for the Taco Stand:
3 8% o _ .
4 8 Price of'a Taco No. of Tacos Sold .
.5 7% - }
6 ) 7 40
. . 0
- What is the Zero Price Temand? 6 . —_— )
: ’ _ . 90 L 7 i
Answgr: 120 Lt
Find a rule for No. Sold 140 -
in terms of Price: . .
No. Sold=
1 R
- L ] . 4
(continued) ) - )
Q®
a} ° ‘
-b2- o i N\




- . . LEMOMADE,, PENCILS, AND APPLE PIE
. . . * {continued) ‘

NPT

The chart below shows sales of 6. Make a business with a rule and a chart.
a brand of blue jeans at ' Fi1l in the chart below and see if another
different prices. group can find your Zero Price Demand

.and your rule,

1 .
Price of No. of
Blue Jeans ‘Blue Jeans Sold

e $5 125 ' - :
. “$10 100 . : -

$15 75 . . t

$20 50 ) .

$25 . 25

$30 0o~

- ‘ : '*” ¥

What is the. Zero Price Demand? - ' . * i -
Answer: . ’ ‘ o~
Find a rule for No. Sold . . .

in terms of Price:

No. Sold=




. Name

The table below shows the number of hours a typist will work
a week depending'on the hourly rate he charges. Fill in the
column for his Weekly Barnings, then answer the questions below.

RATE . HOURS WORXEB WEEKLY EARNINGS

4o

4o

Lo

" 4o

~ Lo
Lo

4o

30

20

10

’ 10 - 0
11 0

12 ) 0

O O~ N £W V= O

1. What do you think are the maximum hours a week the Typist

has chosen to work?
- =\ 3 -

2. What's the rate the Typist will charge when he begins to -
N get no business?

3. Try to write a rule for the Hours W6rked in terms of the
Rate the Typist “charges. (It may. have more than one part.)

3 ' . , ‘ ~
L, What rate should the Typist charge if he wants to maximize
his earnings? : -

' .

bl




Group Nameg 1.

The Editor 2
The table below shows the number of 3,
hHours an editor will work a week depending
on the hourly rate he charges. Fill in b,

the column for his Weekly Earnings, then .
‘answer the questions below.

 RATE HOURS WORKED _ |... ¥EEKLY EARNINGS
o) 40 . N
5 ’ 30
- 10 20 .
15 10 o
- 20 o
R ’25 0 .
30 0 i
35 . . 0" -

- 1. What do you think are the maximum hours a week the'Editor
v has chosen to work? M

.
”

o/ What's the rate the Editor will charge when he begins to
get no business? . '

Y

3, Try to write a rule for the Hours Worked in terms of the
Rate the Editor charges. (It may have more than one part.)

4, What rate should the Editor charge if he wants to maximize
his earnings?

)

Yy

vy



-
.Group names

, - THE PILOT =
The table below shows the number of hours a pilot will work a week ’
depending on the hourly rate she chayges. Fill in the column for her
¢ Weekly Earnings, then answer the qquestions below. L]
. : RATE |HOURS WORKED | WEEKLY EARNINGS -
' 10 2Q o
S 20 . o
20 20 1
25 17 o
. ' 30 15 -
35 12% X ‘
A ko 10 . ~
45 % , » .
. ‘ N [] 50 5 ) ‘ . 2
t 55 2% . .
" 60 0 : i
65 o
1. What do you think are the maximum hours a week the Pilot has chosén
to work? '
2. What's the rate the Pilot will charge when she begins to get no
businéss? s
. \
N 3. Try to'write a rule for the Hours Worked in terms of the Rate the ]
Pilot charges. (It may have more than one part.) : - d
1 ’ > ; ) > - )
’ -
i .
N L4
5 & : :

4 , wnat rate should the Pilot charge if she wants to maximize her
earnings? ' '




MAKING WORKSHEETS FOR OTHER GROUPS

Directions (Below each step for writing your worksheet is the step ..
followed in making The Typist Worksheet.) , C

1. Choose a‘profession for your worker.
. Example:
Typist

2. Choose a one-part rule that connects Hours Worked with Rate. .
Example: i
Hours = 100-- 10 * Rate

4

3. Fill in a table for your rule.

Example: -
RATE HOURS WORKED
100

9% - 7.

3

80 (
70 ,
60 )
50
Lo
30
20
10
0
0

—

2 OV~ W >0

-

N i
4. Choose a maximum number ‘of hours for your worker.to work.
Example; ,
; 4O hours

5. Change'yohr table so no hours worked are more than your maximum.

Example: .
. RATE HOURS WORKED o . -
1606~ 40 ’
5040
4o
207 4o
2 Lo’

59 ko

40

30

20 ] ‘ :
0 - .
0

0

t

S OOV oMW W 20

A
5
PRGN

-

‘ 6. Make up séme questions about your worker for another group.
Example: T oa
See The Typist worksheet. & .

7. Make a worksheet that includes the changed table and your questions.
Example: “ ,
See The Typist worksheet.

ity

’ (cont%nueé) . 45




~ . .
) 8. Exchange worksheets with anoﬁher‘group.
' < Example: .
- You can do this yourself.
" A\
>
) .
. )
v 0 ) )
) | &
»
’
o ) -48-
du
o | ’
n"

E

Aruitoxt provided by Eic:

RIC




Group Names:

. 2.
. ’ TUTORING SERVICE WORKSHEET
1. Maximum Hours you are willing to work
a week: b,

Make a table of the hours you worked and earnings for each rate.
(2ype Shift and @ if you don't want to wait for results.)

3

RATE HOURS WORKED EARNINGS

(e

L4

>

/




?
Group “Names ¢
- . - AT YOUR SERVICE WORKSHEET

1. YOUR BUSINESS' NAME IS: -,

2. THE MOST HOURS A PLAYER MAY WORK IS: @

—— -~ 3. ~CAN-PLAYERS-ADVERTISE? ~“(Y-or N) - ~ — S

4

4

4. THE HOURS OF WORK A PLAYER GETS=

Part II
' Before tfying your simulation’ on the ccmputer, predict: .
1. What is the Zerd Price Demand” e
(If you are using AD, answer this for several values of AD).

-
.
\

2. What is the best RATE (or ccmblnatlon of RATE and AD) to charge
© to make the most money‘> *

3. How much money will you make in that situation?.

- / ¢

4




Part III . L '

- Run your simulation on the camputer. Try different rates and amounts
of advertising. Fill in scme values on the chart.

.
.

RATC AD . N *. tours Worked Mmount. Earned
. ‘ ¢
Y ' *
£ .o — .
¢ <

L

1. What is your Zero Price Demand?-
(If you used AD, answer for several values of AD.)
&

n’ A /\ ‘ ¢ / -~
2. h)hat is the best RATE (or cdmbination of RATE and AD) to charge
. to make the,most money? R

.

\
°

3. How much money do you make in that situation?

' oo
3¢ .\ t ‘.

-

(@4
-~
Nt )




" SAMPLING UNIT
Time 2‘hoﬁrs, 3¢ minutes or 1 hour, 45 minutes-

Materials "
Copy of bags®and worksheets For each Variation On Six experiment for every
six teachers
. 6 pieces of long graph paper prepared for the six experz.ments
1 Variation On Six Discussion Sheet for each teacher
1 sack with 35 wooden cubes (14, 8, 3 of three different colors),
1 Beans In The Bag Discussion Sheet for each teacher ) '
1 pound white beans
3,pounds brown beans
1 large paper sack
1 large sheet graph paper prepared for Bean I—bpulatlon
1 16K PET camputer for each three teachers
"Guess My Bag" camputer program
1 1-4 slip of paper for each teacher . *
1 large sheet of graph paper prepared for "Circle A Number" :
"Prime Time" camputer program }
-1 Program Schedule Worksheet per group of 3 or 4
1 Network Ratlng Report per group of 3 or 4
. 1 Currently Watching Research Recording Sheet per group of 3 or 4
1 People's Preference Research Recordinga Sheet per group of 3 or 4

kS

Sy -

Suggested Time Frame

Time Activity

5 min Introduction
. ) 20 min Variations on Six | .
C 15 min " Cubes and Beanswifyathe Bagm -
15 min Guess My Bég\ A ~~~},
19 min , Circle a Number, .
©- : 45 min . Prime Time o *
- 5 min Network Prime Time ’
5 min Summary

Total: 2 hours

o

~i




.

.’ You should make three points.in the introduction: N - . e

¢

, .
The Sampling Unit is deslgned to have students make inturtive dec:leons on .,
the basis of samples. In “the Way statistics is traditionally taught,
students have little. time to experlence making such decisions. They are
‘rushed into using formulas _concerning the approprlate size of samples, and
the corresponding corifidence one can have in decisions based on samples
before they have built up an intuition about these matters. Such an
intuition can be developed best by actually sampllng a p0pulatlon, making a
guess or a prediction based on the sample, and seeing how clocse the
prediction’cames to reality. Camputers can help in developing this intuition
in two ways: : . '
« )

1. "Eliminatin'g‘ the tedium. -

Students need the experlence of making and checkmg many predlct:l.ons, but .
‘they ‘do not need to -draw and count objects more .than a few times. In
programs such as "Guess My Bag", the computer can perform- the tedious tasks
of drawmg and counting, freelng the students to make decisions.

*
N S

2. Creating Interesting Reallstlc Situations

)

N

The computer can simulate real situations for students where meaningful
decisions (meaningful for the student) are based on samples. The program
"Prime Time" allows the student to make decisions about scheduling television

shows based on mformatlon drawn from samples. 7

e

This unit beglns with ' the "Variations on Six" activity which develops the,
ideas of random seldction and equally llkely These ideas allow us to
predlct properties of a population fram examining randam samples fran the
population. Students gain practice in making predictions in the next three
activities. ; They begin to understand the importance .of the sample size and
the degree of confidence one can have in such predictions. In the last three -
activities, students apply their knowledge of samples to surveys of human
opinion. Thus, they move fram cbjective to subjective data. .

- 1S
-
d
° ’ . ! . ° . [

Time, 5 minutes

I

- < N \ -

Materials None ' o
¢

‘o
N

‘Statistics and sampling are important.

B
?}‘radltlonal Statxstlcs courses are hard, but if we prepare ,students
properly, they can be easier. L




Teachers can use thls unit without prior krmledge of canputers or
statistics.

Sampling is Importaht

This point is best made by having the teachers suggest uses’of samples m
everyday life (e.g., political predictions, market surveys, quality control
in factories, placing traffic signs, assessing damage from forest fires,
etc.). ‘ ' :

i

»

"Statistics is Hard .

-\‘

Ask the teachers about their past experlence, if any, in college Statistics
courses. ' Most pecple find these courses full of formulas that have little
meaning for them. Explain that in. such courses there is little time to
provide students with the experience to understand how such formulas are used

and why they are important. Most students do not gain an understanding fram.

being told; they must have the- chance to do and to experiment.’ /#This unit is
designed to give students understandmg through doing things. Therefore, ' the
teachers must allow their students to do and discuss the activities in this

. unit. Not all of their students will reach an understandihg of all the
‘ prlnclples in this unit, but they will begin to ga:Ln an",“ﬁnderstarﬁmg which

we hope will . be reinforced by future activities. Simply tellmg students the
prmc:.ples will do little to further understand and might confuse them.

A}
» - - . . 9

3

'Ihey Can Do It &

“~

R Y

\Many of. your teachers bg.l' have ﬁad bad experiences in the past learning
afraid of trying this gnit with students. Try to

statistics. They may
reassure them that’ students will enjoy .the actIv:.t:Les and that the teacher
does not need to know all the answers before usifig th:Ls unit.

'I‘ime 20 minutes g ' o N . ~

Materials T - \‘

- 1 copy of Bags and Worksheets for each Var:Lat:Lons on S:Lx experJ.ment

for every six teachers ~ ’ .
pieces.of long graph paper )
1°"Discussion Sheet"  for' each teacher ' S
. - TR
‘ - ~ }
) i ‘4 ~Sh- JY .

vs




- This actlv:Lty is des:.gned to help students learn about "equally likely"
events and random selection.  Many students will believe that same numbers
and students are lucky. They can only . learn that the events in the
experiments are equally likely by doing many experiments. Hmphasize to the

. teachers, that they must let their students do the experiments. Meny teachers
w111 not do this work k with their class unless you do same of it with them.

-4

Describe Activities . -

. “a~. .
Describe the six activities to the teachers and show them the sample bagS
you' ve made.

Do Activities

With the teachers working in pairs, have them do as many activities as time
permits, and record their results on graph paper as described in the unit.

Discuss . : ' -
Give each teacher a discussion sheet and briefly talk about each item.
- " . '
Cubes Ard Beans in the Bag

Time 15 minutes ) -

.. T
Materials ) )
_ 1 sack with 25 wooden cubes (14, 8, 3 of three different colors) )
1 "Beans In The Bag Discussion Sheet" for each teacher

1 pound white beans ) -
3 pounds brown beans ) ) .

1 large paper sack

1 large sheet graph paper prepared for Bean Population

CUBES IN THE BAG

Go “through the introduction fram the Teacher's Gulde for Cubes and Beans in
the Bag, having teachers guess what the colors of the wooden cubes are.

\

-

~

.
~y
{ -




-

BEANS IN THE BAG

Describe this activity and briefly discuss the Discussion Sheet.

BEAN POPULATION

Show the teachers the bag and the graph and explain the activity to them.
This act1v1ty differs from the last one in that the size of the total
population is unknown

N

T

i
i

o ) GUESS MY BAG ,

Time 15 minutes

L

Materials
1 PET computer loaded with "Guess My Bag" Program for each three teachers

~

DESCRIBE ACTIVITY : ' -

’

Tell the teachers that the PET has a bag with 4 ,k/jnds of beans in it. - It
will show them 3 ‘-bar graphs, and one of the 3 graphs will fit its bag. Their
job is to choose the right bar graph by sampling from the PET's bag. There
are three levels of difficulty: .1 is easiest and 3 is hardest. Their score
is figured by multiplying/their difficulty level (1, 2, of 3) times 50 and
subtracting the n¥mber of bearis they sample.

PLAY ’

t

Have the teachers work through the program in groups of three.

~

LOAD "PRIME TIME" ¢

A

Stop the teachers after 15 minutes and have -them load "Prime Time" so the
computer will be ready for the."Prime Time" activity. This will be a good
opportunity to make sure everyone can lgad a program into the ccmputer.

CIRCLE A NOMEER
Time 10 minutes
Materials

1 1-4 slip of paper for each teacher . 4
1 large sheet of graph paper prepared for "Clrcle A Nuxber" '

¢ °,7-56- ’ 50
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. -
s
4
{ ’ v
N v
. . N .

TEACHERS CHOOSE A NUMBER S :

~

Give each teacher a slip of paper and have them circle a humber.

v

GRAPH RESULTS (long form only) ' ‘

*Have the teachers make a bar graph by taplnd their slips of paper dnto the
graph paper over the number they choose.

K

-

DISCUSS ACTIVITY

Describe the follow-up homework activity that students will do. Make sure
everyone understands objective and subjective data. '

‘

-~

Time 45 minutes BRI
L ' )

Matenals
1 PET computer loaded w:Lth "Prime Time" for each group of 3 or 4 teachers
"Program Schedule wWorkéheet " per group

1
1 "Network Rating Report" per group Tz
1 "Currently Watching Research Récording Sheet® per group

1 "People's Preference Research Recording Sheet" per group

-

- berrviry ' : e

Present the Whole Class Introduction to tfxe teachers from the Teacher's
Guide. Let them work through the program. Some groups will need to be
reminded of the time so they can finish the activity. Other groups will have
time to. work through the program with a second seed muber.

" 'NETWORK PRIME TIME
Time 5 minutes '

Materials None

5, S ¢ s




.

.

AS students work through "Prime Time", they often lose sight of their
sampling research data. The Network Prime Time gives the class a chance to
review the data and to make a new decision.

[N

Go over the use of the Network Prime Time program with the teachers. The

instructions should be self-explanatory. ) ‘q\

-
.

Time 5 minutes

Materials None

Go over the three points made in the introduction: sampling is important;
statistics is hard because it is introduced before students have enough
intuition; and that the teachers are campetent to teach this unit. Ask for .
feedback on the last two points. - o




VARTATIONS ON SIX WORKSHEET

NAME NAME
. [}

EXPERIMENT # ‘ EXPERIMENT 4

wicose  ® ALY o OUTCOME TALLY
EXPERIMENT #___ ; - EXPERINENT #

. _ /
QUTCOME " OTALLY - OUTCOME TALLY
_, .




VARIATIONS ON SIX

. Student directions for six experimenfs
n

Teachér dj§§%¥§ons: Make three copies of

this page, cut apart and tape to outside
of appropriate bags.

- EXPERIMENT #2 ”SPINNER"

Spin spinner,

Record Tetter the arrow points to.

Do 25 times.
L3

~ _ .- — - —_———

s

(contents: Spinner divided into six equal
parts and labeled “A,B,C,D,E,F")

N

EXPERIMENT #% “Mini Red Deck"
Shuffle deck.

. " Choose one card without 1ooking.
Record number on card. .
Return card ge deck .
Respuff]e.
Do 25 times. :

. (tontents: red 8's through
red Kings from-a deck of cards)

. EXPERIMENT #6 "Namgs®

Mix bag.

Draw out card without Tooking.
Record name on card. . .
Return card to bag.

Re-mix.

Do 25 times.

(contents: 6 cards, each with

a different. student's name)
Q

EXPERIMENT #1 “DIE"

~ Shake die.
Ro11 die, )
Record number that ‘is rolled.
Do 25 times.

|

|

|

- ’ !

(contents: 1 die) ' 1

>4

EXPERIMENT #3 "Mini Deck"

Shuffle deck. - :

Choose one card without looking.

Record number on card. i
Return card to deck.

Reshuffle, .

Do 25 times.

L4

(conténts: Aces through 6's from a deck’ .
of cards) . .

EXPERIMENT ¥ #5 "BLOCKS

Mix bag.
Draw out one block without Tooking.
Record color of block.
~ Return block to bag..
Re-mix bag.
Do 25 times. . -

‘ {contents: six different colored blocks)

-

.,/
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VARIATION ON SiX
DISCUSSTON WORKSHEET

How are the six graphs the same? How are they different?

Py

R

If the words and labels were removed, would it be very easy to tell which
graph was which? VWhy or why not?

.
LY

)

) . be .
Are the heights of the columns about the same or do they vary? Vihy ‘or why not?

Why was it important to shake the bag or shuffle the caras every time?

~

If we dld each experiment 1000 tdmes or a million £lmes, could youlpredlct, -
what the resuits would be?

’

Were‘certaln numbers or people "lucklier' than uthers? Would you expect the
same numbers or people to be '"lucky" if we'did the experiment.again? | ) se

AN

[d

- f - ’T
Would It be possible to be very "lucky" and rollc:‘“
10 1's in a.row?

100 1's in a row?
71000 1's In a row? ' .

.Would these happenings be likely?
Think of other experiments you could do besides these six that would glve

very simllar results?
/
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HOW TO MAKE A SPINNER THAT REALLY SPINS

1. Ciut a circle from tag board. Poke
a nice round hale exactly in the
center. :

2. Cut a square piece of tag board that's
a little larger thap the circle. Poke

a hole through the center of this, took:

X\ Draw a line from the hole to one corner.

e

- = 3. From the scraps left from cutting the
circle, cut 3 little squares, about a cm.
on a side each. They'll be used as wash--
ers. Poke a hole through each and crimp

them a bit, too.

v

L

4. Take a paper clip and berd just the out-
side up. _ ;

~ 5« Cut a piece of magking tape—that's a%out
—— e hemorScmilong. e

6. Assemple the spinner by first poking the

paper clip through the square. Tape it
on the bottom to hold it in place. Then
put the three washers on.

<

Put the spinner face on next.

Add a piece of tape to cover the point
of the paper clip.

Now it's ready to spin.

\




Beans in the Bag Worksheet / =

Bag Predictors: Bag Makers: :
4 A ’ ~ = .
\ s ¢
— Draw Record N
Tally .  Total No. Tally Total No. Tally Total No. Tally Total No.-
for 1st Drawn for 2nd Drawn for 3xd | Drawn .- for 4th " Drawn
Colox Ten Draws after 10 Ten Draws after 20 Ten Draws after 30 Ten Draws after 40
T ’ L
I e — e - . _ — "
. \J = R -
s Prédiction N . Actual Count’
‘ After’ After After Afterx No. in
. Color 10 Draws . 20 Draws . 30 Draws 40 Draws Color Bag
¥
I _ [
)
8()- __63_ ) -~ i)
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\t‘ . Beans in the Bag

’ Discussion Worksheet

— ~a
. .
- /

1. Was it easier to predict after 40 draws than after 10?
Why or why not? ' )

4

2. Did all three kinds of beans feel the same?
Would a different feel affect results? .

| ) -
. — - !
e e

3. - Suppose we. .had 100 beans in the bag instead of 25:
How many would we need to sample to have a falrly accurate pred1ct10n7
What if there were 1000 beans? .

3

=
{
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PRIME, TIME
PROGRAM SCHEDULE WORKSHEET
. //
Name _ s Seed No,
r . ‘ L T e

Enter the program category riumber under ATC and ETS. Use arrows to shéw_the\
length of each program. To plan program schedule for PTN, enter category number
and program name. (names should be limited to 2 lines of 10 spaces.) .

¥

" .- HET WORK

ATC .. EIS . PTN .

7:00 ’ LN B
7:30
. 8:00
8:30 : -
9:00 g S ' -
9:30 - - ; ’ ‘ ‘ oo
“10:00 , ' : R ‘
.. . N “ [
10:30 4 { : . .
"CATEGORES 7 ¢ - :
‘Game Show ﬂ ¥ _ . ¥
Situation Comedy . , . . ’ -
Action/Adventure/Westérn Series f ¥
‘Dramatic Series . T ‘ v .o
Movie L P : S
News . - A

Documertary ) / ' ) \ "
Sports Event / . P

PN OV EWN -




- e, v ll
v * o , i
) PRIME TIME ;
T NETWORK RATING REPORT ‘ :
NAME ’ ) SEED NO. '
’ . - - y ‘¢
SUMMARY: WEEKS 1-5 SUMMARY: WEEKS 6-10
Network: "
. Cat. Rating , Cat. Rating Cat:.‘| Rating Cat:.-l Rating Cat.:ﬁating Cat’.lRating
s 1 ’ | N . -
7100 [ | N ! ' ’ . ) . 4 . ’\
| | 1 | -
l ' ! | I I
1 I : : X |
: 7:30 ! ! !
. . I 1 I | s
b ' 1 1 ! 1
. | 1 ‘ ' : : :
8:00 ] ] b
r 1 1 1 N
. | :
. ’ { 1 | 1
P 1 | N | ) 1 1 1 f
8:30. S oo 1 1 . 1 [
! 1
1 ] | L
' 1 . : ’ ~ | ‘
9:00 ! L ' : A ! “f -
1 i -
. I . | I I
. A l - | ! ] |
31:30 L (e : i ) : :
| ] -
A | . 1 !
. : ' I I ] I
- 10:00 ) 1 . o
. ) , [ 1 . | |
1 KR | . N
. ~ o ! - ! A |
~ 1 ' I | | RN | i
10:30 1 ~ “ - .
. . - ——
. . \" > )
AVERAGE . - N -, X
RATING ~ ——— — A —_ —_— .
OVERALL RATINGS oo . v p
NETWORK - . RATING ™ o .
. . ‘
! ’ - ’ {
Y P PR \ﬁ,
Y . ¢ .
‘ . 6 - T ) »
T £y
-67- -




Currently Watching Research

Recording Sheet

P
$ample Size =
{
ATC . ETS
. cat * #oN Cat #oN
7400 .
7:30
8:00 -
8:30
9:00 Y
9:30 )
10:00 v ’
10:30 i
Sample Size =
ATC" ETS
Cat #ON Cat #ON
7:00 ' -
7:30
8:00
8:30 - N . -
9:00 ‘7
9:30 - i
10:00 ,
10:30 < L '
Sample Size = -
ATC - . ETS '
' .gat #ON Cat #ON




i : -/

¥ :
People's Preferences Research . i
: Recording Sheet
L
Ay . \
’ Sample Size = . .
. . . ’
Category Favorite Do Want More
1. Game
2. Situation Comedy : .
3. Action
4, Drama ‘ .
5: Movie
6. News : ) . - .
7. Documentary , ) 7 ’
8. Sports ) | #
Sample Size = ‘ " ' JL T -
Category : ‘ ,Favorite . o * Mant More
. O , . L P e o
1. Game . ,*" e . ¢ @
. ) ) ‘ .
2. Situation Comedy . oo )
‘3. Action . - )
I, Drama ' : ) B
- f L. K .
5. Movie e . o .
4 6. News ‘\y . ~,
7. Documentary
8. Sports . , . o L
- i ' : . : a
v N ) 4
i . .. Sample Size = ° ’&&
A N i) .
- " Favorite ‘ ’ Want More
. . Category ‘ t ! t ’
1. Game ) - . N ; ‘&
2. Situation Comedy < -i .
* - .
. 3. Action ) : .
. L. Drama . i u
[y 14
5. Movie ' . ! ,
- 6. News . ) ' - )
7. Documentary . . ‘. : : . e
"~ 8. Sports . : _ . : S
- Q ¢ - : ! . ..
- o .




Materials

DATA' ANALYSIS

" Time 2 hours pPlus 3 or 4 10-15 minute periods frcm previous sessions.

) ) !
For previous sessions ’ -
1 large piece of graph paper for each graph

Glue sticks or paste - _ ”
Construction paper squares . . .
Marking Pens , i
For this session . f

1 PET computer per’4 teachers &

1 "Data Search” program per 4 teachers .

1 blank copy of Questionnaire per 4 teachers -

1 printout of Questionnaire data per 4 teachers ér

1 tape of Questionnaire data from "Data Maker" per 4 teachers.
"Qosmic Explorer" program per 4 teachers

"Cosmic Explorer" data sheet per 4 teachers

"Science Officer's Manual" per 4 teachers

"Science. Officer's Iog Sheet" per 4 teachers

"Data Maker" program per 4 teachers
y 1 blank tape per 4 teachers

Sl

—~——
L]

Time Activity . oL
5 min Introduction ’
5 min | Student Graphs
E 25 min " Camputer Analysis .
40 mi Cosmic Explorer . L .
49 Min- Data Maker : e
5 min © Summary .

_ - 1~ Overview For Master Teacher
‘The ability to' look through data to make general conclusions is beca‘ﬁmg an

‘increasingly unpor‘tant in many aspects of work in our society. A primary
reason for -its increasing use as a tool for decision making and problem

, SR, S i ,

- y
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\ ' . s ~

i}

solv:mg is the recent availability of 1nexpens1ve camputers. Computers allow
us to organize and to evaluate a large amount of data eff1c1ent1y Thus, it
is becoming importamnt for young pople to develop skills in handling data. -

in general, there are two kinds of skills needed: generating hypotheses
about the data ahd using computers.as tools to check these hypotheses. This
unit will prov1de students with the opportunity to develop both kinds of
. skills. -

The first skill, generating hypotheses, is the ability to find patterns. To
develop this skill, students and teachers learning to work with this unit
need the freedam to guess and check in a supportive enviromment. Teachers;
more often than their students, may feel uncomfortable in a situation where
there is no one right answer and there are many good ways to approach the
problem. You may need to give scme teacher special support in this process.

The second skill, using the computer as a data analysis tool, will be foreign
to most teachers as well as their students. 1In this unit, the computer can
be used to make bar graphs, cross tabs and lists of data. 1In all cases, the
data used can be limited to a part of the original data. Learning to use the
tools will depend on experience using them J.n a trial and error situation.
2Again, many teachers will need support to risk “scme experimentation.

Before students can learn to use the computer  to make bar graphs and cross
tabs with data, they need the experience of meking their own graphs and
charts. Very few students will be able to understand what the computer is
doing until they have done the work themselves This meaning of graphs and
charts will become clearer to students over time. Therefore, we suggest that
teachers have their students make bar graphs and cross tabs over a period of
weeks before beginning formal work in the unit. The exposure over time will -
allow the students to be more comfortable with these ways of representing
data than they.would if they see it all in one or two class pericods:

It will be easier for teachers to use this technique of gradually exposlng
their students to these ideas if you model this behavior wiith them. Thus, we
strongly suggest that you spend ten or fifteen minutes from the three or four
inservice sessions before the session on Data Analysis having teachers make’
and discuss bar graphs and. cross tabs.

After the gradual introduction of bar graphs and cross tabs, the formal work
Sf the unit begins with students asking their own questions about the class
and finding partial answers through the use of bar graphs and cross tabs.
Then they use the computer as a-*tool to find out more about themselves.
Nex they use the same tool to investigate fictitious beings from another
plane , and, finally, thex lock at data fram students in other classes.

’

[
¢ »

- _ Introduction
Time 5 minutes -

Materials None - .




There are three important points to be made to the teachers:

- Much trial and eXor is.jinvolved in this unit. '
- Bar Graphs and Cross Tabs should be introduced gradually.

- No previous knowledge of data analysis or statistics is needed to teach
this unit. - =

Trial and Error

Explain to the teachers that two skills will be developed through this unit:
generating hypotheses and..checking those hypotheses with and without
computers. Students need a supportive atmosphere to brainstorm hypotheses
and to learn to use the capabilities of the computer. It is important that
the students seek to make their own conclusions from data, and they need
freedom to experiment while they are forming their conclusions.

Gradual Introduction -

Explain the need for intreducing Bar Graphs and Cross Tabs over a period of
time. Point out that the way they have seen you introduce these graphs 1n
previous sessions. 1s a good way for them to introduce them. -

-
1

No Special anledge . : - . -

'Reassure the teachers that they will need no previous knowledge of data
analysis or statistics to use this unit. They will learn all they need to
know about using the computer to examine data in this session. However, they
will need to be able to encourage thelr students to make hypotheses and to
‘test them. .

< ! ~
\ v -
+ - -

N _\BiarGraphsandCrossTabulatim

o . .
< . -

“a

Time 3 or 4 10-15 miriute pericds done in previous sessions

_Materjals . - ) -
1 large piece of graph paper for each group '
L Glue sticks.or paste .
- Constructioh paper squares , '

. . Marking Pens

- 1 Chagen,
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These activities are done prior to the Data Analysis Session. Before class,
prepare several graphs as described-in the activities "Bar Graphs" and "Cross
Tabulations”. The teachers should mark the graphs as they came into class.

At the beginning of class, discuss the results and brainstorm ideas for .

summary sentences. Choose one sentence to write on each graph.

Use both bar graphs and cross tabulations in each session. After the first
session, include examples with limiting variables (ie. where only part of
the teachers mark the graph.) ~“Save the resulting graphs for the "Student
Graphs" activity.

Student Graphs

.

Time 5 minutes .

Materials .None

3

Describe the activity from the Teacher's Guide to the teachers. Pmphasize
that this will be tihe first opportunity for students -to think of questions
that might be ansyered by collecting and organizing data. Sketching the
graph and making a prediction, the first two tasks for partriers before making
the graph, are important.

It is important to think through the categories that the responses to the

* question might include. Some questions offer too much information.  For

instance, asking about favorite ice cream may produce a graph that dllows for
chocolate, vanilla, strawberry, and other. Probably most responses will fall
into the "other" category. In other cases, mumerical questions may pose the
problem of grouping the answers. ' " )
AN o
Many students will not frame' their questi correctly or set up their graph
in a way that will get a clear resgult. though teachers should certainly
encourage students through questions ‘to think through what they've done, scme
students may learn best from making mistakes. If might be a good idea to let
them have a second’ chance to change thelr graph and/or to sharpen thelr
questlon. . . N

N N N .

Time 25 minutes .

Materials .
1 blank copy of Questionnaire per 4 teachers
1 printout of Questionnaire data per 4 tgachers
1 PET computer loaded with "Data Search" program per 4 teachers
1 tape of Questionnaire data from "Data Maker" per 4 teachers

— '
-, ‘) - X 7/

.

]

s »

-~




Before class . . .
Before class, you will need to do the following:

1. Prepare a questionnaire for the thHe teachers' (a sample one is included in
this guide) .

2.. Have the teachers and perhaps some of their friends fill in tl§
questionnaire. (You will need about 3¢ filled-in questionnaires to.
reach any conclusions. You can mail out the questionnaires before
class or use a a computer network, if available, to receive answers.)

‘3. Enter the data from the questionnaires in the "Data Maker" program and
make tapes of the data (one tape per.4 teachers).

4. Make a printdut of the data, using "Data Maker" (1 copy per 4 teachers).

During Class

Place one computer loaded with "Data Search" where everyone can see the
screen. Show teachers how to load the data tape. Demonstraté the use of the
computer to make a bar graph &nd a crosstabs. Using the printouts, teachers
should begin to form hypotheses about 'themselves.

Then let the teachers work with a camputer. They should load the data tape
and try to find scme conclusioms about themselves. - -

About 5 minutes before the end of this ac:tivity, load "Cosmic Explorer" into
the computers and ask them to discuss the conclusions they found.

A

.

. Cosmic Explorer , |, / -
Tige 40 minutes . '
Materials ‘ ) -
1 PET computer loaded with "Cosmic Explorer" per 4 teachers 3

1 "Cosmic Explorer" data sheet per 4 teachers . k s . -
1 "Science Officer's Manual" per 4 feachers
1 "Science Officer's Log Sheet" worksheet per 4 teachers

-

r

Tell the teachers that now they can investigate beings from another planet,
just as they investigated themselves. Let them work in groups around the
computers to see what they can find out about Ugizians. They should start by
looking at the data sheet. Once they have made a hypothesis, they ~should
£ill in a log sheet. '

e

L ¢
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. . @.
About 19 minutes before the end of this .act1v1ty, let the teachers discuss
their findings and the evidence they collectéd.s. . »
Explain that this activity is intended to be a whole c¥ass activity-in that
each group will add to the whole class' knowledge of Ugizians. That is, each
succeeding day groups may start with the information the other groups
collected.

Data Meker :
Time 4€ minutes ’ . : ' C - ;
[ Y |

Materials -~ ’ -
1 PET computer loaded with Data Maker per 4 teachers R |
1 blank tape per 4 teathers - * } - i
1 "Data Search" tape per 4 .teachers s CAERN T )

. o . . - %
s

Tell the teachers they will have to use the "Data Maker" progranm te store
their students' questionnaire data. This activity is intended %o shq&" them
how to use "Data Maker" and also the w1der uses of the program.. e Lo

\- N t,c' = }..‘

o« e
Place one computer where everyone can see its screen. Briefly demons e
how they will use the program to enter student data. Explain NumerLc an&,”
Discrete data. e, Dl

;e
rs

i

|

}
Tell them that they are to imvent a population for others to stpély . The o 1
population could be people, countries, insects, clothes, or whatewver they T
wishy They should pick 4 or 5 variables and invent 15 to 30 cases. frcxm-the ‘
population. They should structure the cases so scameone cduld make mferences

-y -

. about the population. ‘ ,‘i T AT

For example,, if their population is insects, the varlables could be. number of
legs, number of ey&s, whether they have wings, and whether they
antennae. ’I’hen they could structure the cases so only 6—legged insects” had
antennae and all winged insects had 4 eyes. , X
. ¢

Let each group of teachers invent a population and enter data using Data
Maker. 1If time permits, groups can try to make inferences from other groups'
data -using- the "Data Search" program. Point out to the teachers that there
are many-ways that they could use "Data Maker" and "Data Search" in their
classrooms . Each population they 1nvented could be part of a dlfferent
classroom activity.

Time 5 minutes

~75~ B ' -
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Materials Nohe A ‘

[

l

Discuss with the teachers the three points made in the introduction. 1In
particular, ask them to describe how they learned through trial and error in
this wiit. - : ) :




- Computer Analysis Questionnaire

Please answer each question below:

1. What is your sex? (Circle one.)

- - - , —
R !
!

Female ,
Male .

-

. 2. What type of car do you usually drive:

T

: Campact
, Standard
y van or Station Wagon - s
. Sports Car - . -
No Car o

.- < ’
- -

] . 4 ’
* '

3. How many children do you have?

4. VWhich of the following types &f vacdtions would you prefer? (Circle the
best answer.) K 3

< - v
- . 2
L .

" Camping ‘ ’ ‘ i . .
Staying in other cities . ) . -
"Being at a resort : ’
Traveling around in a car or.’camper
e Staying home ) ‘

¥y

ba

fowl 8

. ’
L e

5. Which of - the’ following‘colors do you prefer? (Circle one.)

R ) Blue .
. Red .
Yellow
Green -’
Purplﬁ

.

6. At what age did you (or will you) think of yourself as.middle-aged?

x
R -

7. How many thousands of dollars a year would you need to make to feel S
canfortable? - )

O ‘7' .o - .,: <77~ Sd
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“ : L , : _ GROUP NAMES -
L . S ' ~ SCIENCE OFFICER'S LOG SHEET'
. - . o f.-hr ‘~ -
EVIDENCE FOR OONCLUSIONS - s . °
.Some conclusions will requiré evidence to ) "I. TYPE OF RESEARCH (CHECK ONE) y
prove them. The evidence page is og, the ' ) oo
e back of each SCIENCE 'OFFICER'S 'LOG SHEET. T ) BFX}INNING STUDY OF DATA - ’
. . There are three types of récordmg you are ) BEXPLDRATI})N OF A VARIABLE: )
‘ * tor do on this side. . ) o . . W IN-DEPTH 'STUDY OF
- B , . 8 ' QREVIEY OR CHECK OF EARLIER’ CONCLUSIO"IS . "'
) 1.. CONCLUSION - This is a copy of the ,QOTHER . -
. . ~conclusion you made .on the SCIENCE - )
\ OFFICER'S LOG SHERT. _ . /éTATEMENI‘ OF PURPOSE ‘
. e . _ ,

2. STA’I’EMENI‘ - These are ideas you want
to point out to. help you prove your
conciusion. . There is space for two
‘ statements’; others, may be "attached if

- . needed. ' ' III. ITEMS THAT WERE INTERESTING <

-
- . ) T »
N . R 4 . . - .
. . .
4 .

3. GRAPH - This graph 1s a picture to .

- display the data for your statement. T ,' e L . " Y
) and fop conclusion. This is copied, from ) IV. COONCLUSIONS (EVIDENCE MAY BE NECESSARY)
the ‘screen with.the, important varlables ' ' L
©  and numbers filled in. , T . ) T
- A . . - '{ V. IDEAS TO CHECK ON NEXT TIME
. . . . - , . ) K . - P
. i o ) ‘
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II. STATEMENT OF PURPOSE

- This is the place to tell why §'ou are

doing. what- you. are.doing.' Be clear; use
complete :sentences, A question about
what you waxnt to check is often useful

a
-

Example 1. We want to investigate
what data 1s~ava11able to "work on.

. Can we find an interesting variable or .

-~ combination of variables for our
‘Studys? ¢

Example 2. We want. to study hair
color to see if it is related to eye
golor. -Also, does the most common
hair color change for-different ages?

"Example 3. We thlnk that the taller

individuals have fewgr children. than-

shorter. ones.
more children?.

-

ITEMS THAT WERE INTERESTING -

Do shorter parents have

This is a record of. things you noticed as
you were looking-at the data. You mlght
record things that someone else mlght
want to study or things that would help a
dlfferent group if they knew, about them
kA
Example 1. We noticed that
no children with brown hair. .
Example 2. .It deems that one-fourth
of the people have blue eyes. - :

Exariplé’ 3. The youngest parent we
noticed was only eleven years old
J, )

-

there were ’

_IV. -CONCLUSIONS , ‘ '

This is where you record what you found
out. Ideally, it will be. an answer to
the question "in your STATEMENT OF
PURPOSE. You may need to complete an

) evidep:ce page ‘to support your conclusious.

V.

-

Example 1.’
‘people with red hair have blue eyes.

Example 2. We discovered that the
older a person is, the taller he
bedomes We also noticed that there
are’ more older people with green eyes

than with brown eyes.
’ 3 '. -

Example 3. Females with ‘blue eyes are

shorter than females with bréwn eyes.

L

IDEAS 'm’amrx 'ON NEXT TIME -

‘This is your chance -to follow up
somethlng,-—lnterestlng If you notice
something about . your varlable but don't
“hdve time to check it now, you can note

it here. ) .
4 .

" Example 1.
- -of''the redheaded .females have no
“Thildren, but all ife redheaded males

seem to have children .

Example 2. It seems as if the taller
igdividu%ls have no hair. Maybe it
-depends on their age or their sex.

Example 3. We can't figure out’ why
.‘there are no -people who weigh more.
than 25 kilograms X

~

We noticed that all the -

We think that about half




SUMMARY

There are many ideas 'to try in searching for
.information from the data The use’ of
LIMITING VARIABLES is particularly important
in making .comparisons between groups.

LIMITING VARIABLES can also be used to look’
at smallefT subgroups of a particular

variable. You are able, for examje, to
compare males taller than 100 cm. with
females shorter than 100 cm. Red-headed
tall people could be compared with
brown-haired tall people. You have to
decide what you think is important or
interesting.

Finally, don't overlook the DATA LIST-
You .can often get additional

option.
information and new ideas by 1looking
carefully at the DATA-LIST for clues.

There are many unusual ideas 'and people to
learn about as science officer on the
QOOSMIC EXPLORER. GOOD HUNTING!

L

-

~

- - Al

INTRODUCTION

As Sci‘ence,office‘r_ on board the COSMIC .
. EXPLORER, you will be responsible for making

conclusions about the planets and any 1life

forms that may exist.

Data will be made available to you thrbugh your
computer. The data will consist ©f information
about thé indiyiduals frons the p}anet being
explored. ..
Your task will® be to ‘examine the data, decide
what variables you want to study, and report
your conclusions. "You will keep a.careful

record of all your exploratlons and conclusmns_

in the SCIENCE OFFICER'S LOG._
IMPORTANT . ¥

L
»

In order to proceed, "you must be familiar. with
the DATA SEARCH program. ’




HOW TO BEGIN . ' . EVIDENCE FOR CONCLUSIONS

Each SCIENCE OFFICER'S LOG SHEET is your ‘record ' . -CONCLUSIONS: M _ . L
|

- of an exploration you have done. There are . |
five items on the front side of each log ) . ‘ ‘ .
"sheet. -The back of the page is for evidence.
¥hat follows is 2 brief description of "each
1tem with examples "to help’ you.

.

EXHIBIT A 4T 1.

' ‘ © . STATEMENT - w - ; T T
™. TYPE OF RESEARCH . , : : -

. . N
\
’ N . » , . : '
" r

. . . |
: The box you check tells what stage you're ’ . . ; : . ; - T :
working on: beginning, middle, or end. ) , ‘ o . ' T

i

BEGINNING STUDY OF DATA R - - . ,
This is checked -when you first start : T : . B ; . ¥
You will probably reach .no conclusions at - C - EXHIBIT B o P L . : '
this time, but at the end 'of this study i . N
you should have a good- 1dea wiat : - STATEMENT . . - .

1nfonnat10n is available. ' - . i

EXPLORATION OF A VARIABLE , — N NERNE R .
- After- deciding what® variable you want to . 4 R "ty ;
explore, you check this box and try to : T - T g '
‘find out as much as you' can about that x N
variablel .- \ , o
ik . - PN R - H \J
IN-DEPTH STUDY OF S s LA R
"This “is checked when you want to make_a . '
further study of a variable/ or - ' . . y B
cembination of variables, that interest B : T -

] ) PN T !\i P :

REVIEY OR CHECK OF EARLIER CCNCLUSIO& ‘ ' : i B . -
. to provide evidence or to check’ out 2 new . . ~ . . N i
N . idea about your conclusion. ‘ '




'GROUP NAMES

\

SCIENCE OFFICER'S LOG SHEET _

I. TYPE OF RESEARCH (CHECK ONE)

CIBEGINNING STUDY OF DATA
gExpLoamow ‘OF A VARIABLE:

IN-DEPTH STUDY OF
QA REVIEW OR CHECK OF EARLIER CONCLUSIONS

DO’I‘HER .
. ‘ /

I. STATEMENT OF PURPOSE S

‘IH.. TTEMS THAT WERE INTERESTING

a
.
- w .

IV. CONCLUSIONS (EVIDENCE MAY BE NECESSARY), -

ﬂ‘( -
.
- 4 , voo.
~ ~ \ . . N 9
.
/ )
’ ¢

_V. IDEAS TQ. CHECK_ON NEXT TIME

A
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fee e TURTLE GEOMETRY

\ R . / ] .
Time 2 hours ) . ) '

pieces of grid papér for each teacher -
Turtletractotr for each teacher “
pushpin for each teacher

8 1/2" X 11" piece of cardboard for each teacher .
overhead projector with a transparency sheet . &
PET camputer for each 6 teachers '
"Turtleworks" Camputer Program 5
Turtle Camards Sumary Sheet for each teacher )
"Regular Polygon Family" Worksheet for each teacher

"Turtleworks Pictures" Worksheet for each teacher

"Hook"' Worksheet for each teacher - . ‘

. ’
/ -

.
L ]
HHFHFHRFFRRFRFRBND

’ o~

Suggested Time Frame

Time Activity
. 5 min Intreduction
. 15 min The Need for a Geametry Language ‘@
T ) 15 min . Introduction of Turtletalk .
r / 20 min The Regular Polygon Family *
3¢ min Turtleworks Pictures
- 30 min The Hook Family -
~ 5 min Symmary

*

Overview for. Master Teacher '
” Janli -
This unit builds on work done by Seymour Papert ,and his group at NIT.
Papert's idea wag to create a "Mathland" for students in which they could
learn mathemhtics'. Since the best way to teach students French is to send
them to France, Papert reasoned that the best way teach students math was
N to .put them in M situation where they needed to speak mathematics to find
.their way around. In this unit, students use a géametry language to create . ‘
- delightful pictures on the computer screen. .

The motivation to create a new language is provided by an activity where ‘
students_ describe a drawing they've made to another student. Then a language
is introduced by which students can direct the movements of imaginary turtles

O ‘ ‘ =91~




on the camputer screen. The turtles draw lines as they move. ' To understand
how the turtles follow directions, students need the concrete experience of

+ . making drawings as turtles do.’ Turtle tractors provide this expérience.

The students use the turtletractors.to learn same properties of angles of
regular polygons while they are b&tldmg an understanding of how turtles
move. Finally, while half the class creates turtle drawings on the camputer,
the other half works off the camputers, seeing how: very simple figures,
hooks, can be cambined to make camplex and beautiful designs.

4
Time 5 minutes : .

lhter:l.als None. !
~ - S

Tell the teachers about Papert's use of Mathlands. In this unit Eﬁey will
see camputers used to teach geametry in a way that it couldn't be taught
w1t}'put ca-nputers Here the students must use the language of angles and
lines in a precise way in order for turtles to drawt what they want drawn.

-

The Reed for a Geametry Language
Time 15 minutes

Materials .
2 pieces of grid paper for each teacher -

v

Ask the teachers to work in pairs so that they cannot see their partners'
papers. Give everﬁvone two sheets of grid paper and tell -them to connect
points on the intersections, to make a simple picture. Stop them after about
a minute so that their plctures aren't too complicated. - :

Tell them to take turns describing their picture to their pdrtner as their
partner attempts to copy the picture on the unused sheet of grid ,paper.
During the description, neither person should see the other's wc5rk 'I'he
person try:.ng ‘to copy the plcture can ask questlons ‘

When a pair finishes, they can repeat the exercise if they wish, or they can

do the optional activity. In that activity, they spend a few minutes

devising a sign language code, then they use that code to describe a picture.

. © 792 9
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«

,Stop everyone several minutes before the 15-minute period is up. Write a

llSt of the words they found useful on the chalkboard -

4

Introduction of Turtletalk

Time 15 minutes
Materials . y
1 Turtletractor for each teacher .
1 pushpin for.each teacher .
1 81/2" X 11" piece of cardboard for each teacher " .

1 overhead projector with a transparency sheet
1 PET camputer loaded with the "Turtleworks" program

Pass out a turtletractor, pushfn'.n, and plece of cardboard for each teather as

they are finishing the last activity. : /

. - . . /
Tell the teachers that they could use many different words when dir a
human being. Now they will learn how to direct turtles to draw pictures.

The turtles only understand a few words. They will use. the words GO amd
TURN to tell a turtle how to move. As the turtle moves, it drags
leaves a mark. h :

Ask.the teachers what they think the turtle will do if they say A
- + v > \\

GO 10 !

TURN 90 . LN

GO 10 L n '
TURN 90 . :
GO 10 . \

L TURN 99 s N
» GO 19 . AN

‘“TURN 99 . . \

-k

.
. - s
: . ) ’
\ b, [
X : \
" ., . - ¥

{(Write these instructions on the blackboard.)

. In the discussion, it should became clear that they don't know

a) where the turtle starts; .
b) which way it faces: ) ‘
c) what um% t;he 19 refers to; or

d) which way the turtle turns.

-93- 1
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These are conventlons._ We have declded to have the turtle start in the
center, face toward the r‘lght, and turn counterclockmse We could have made
other decisions. It is important. for students to learn that many things in
mathematics - are baséd ron convent;.ons (ie., arbitrary decisidns made Jfor the
sake of agreemeqt). L RS

Have each tgachef place a p:.ece of paper on the chalkboard, and pin their
turtle tractor to the center of the ‘paper. The turtle should face right. *
Pin your turtle tractor to the center of the transpa.rency, facing right. -

GO 10 means that the trutle moves to the tenth mark on the turtle tractor.
(Note: The second mark, is the turtle's mouth. The fifth mark is the first

* long line, and the tenth is the longer line after the "18¢". Everyone should
hold their turtle tractor down with one hand, remove the pin with the other,
and push the pin into the tenth mark on the tractor. When' they remove the
tractor, they will see two pin pricks on the paper, They should connect -
‘those two marks with a pencil. That line is the turtle's trall. Now pin the
turtle to the second mark. It should Stlll face right.

* Show the teachers on the overhead that the turtle's trail lines eon the
tractor line marked "@". As you move your tractor counter-clockwise, lines
with other numbers cross the turtle's trail. They should move their tractor
until the line "99" lines along the trail. This is what TURN 9@ symeans. Have
the teachers carry out the other instructions on the chalkboard as you go
through them on the overhead.” Everyone should get a square. .

Tell . them there is a shorter way to write those instructionis! Sinceé the
instructions are just GO 14 TURN 99 written 4 times, they could say :

REPEAT 4 (GO 19 TURN 99)

or they can abbreviate REPEAT by RPT. . . .

Type this 1nto the camputer and let them watch the square being made on the
screen. You can tell them about 5 other carmands-
/ CLERAR - erases the instructions and starts the program over.
LIST - shows the instructions.
| DRAW - clears the screen and has the turtle follow all instructions. )
«PENUP - allows the turtleé o micVe without leaving a trail. )

There is a worksheet for students to practice using turtlé tractors.
However, the teachers can practice during the next activity.

The Regular Polygon Family
Time 20 minutes - ' s
Materials . S
1 Turtletractor for each teacher - .

1 pushpin for each teacher :
18 1/2" x 11" cardboard sheet for each teacher

. ~94~
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I."Regular Polygon Family" worksheet for each teacher
1 PET camputer loaded with "Turtleworks" program

e

Have the teachers work in’groups” of twos or threes. Give each teacher a:
worksheet. Tell them they are going to find patterns for making .regular
polygons. ‘ » : ‘
Ask everyone to try to follow the turtle talk camand holqsnardlwmn the
worksheet. Same teachers will probably need help. As other te‘bidsrlghohri-
théy can provide help. . Whenever one has made the hexagon, have them turn to
the chart on page two.

Point out that they have already made a square. On the line 'of the chart for
the square, they can write: N ~

RPT 4 (GO 10 TURN 90) ‘ S

Ask them how much turning the turtle did in all (answer:. 360 degrees). They
can fill in "360 degrees" under "Total Turm.ng" on the line for the square.

Now let them finish fllllng in the chart They can check answers on the -
computer if they wish. Teachers who finish early can try the "Homework on
Regular Polygon" page or they can help others. About 5 minutes before the
L <7, end of the time for this activity, go through ‘the "Class Discussion" on pages
'+ 16 and 17 of the "Turtle Geametry Teacher's Guide."

Many teachers will be puzzled since they think of angles for equ:Llateral
triangles as being 60 degrees. Point out that 69 degrees is-:the interior
angle of the triangle, not the angle the turtle turns through when it makes
' the triangle. (Note that the turtle's angle is always 180 minus the interior
angle.) ~

- ¢
The last two activities can be done in any order. Thus, half the class can
m“r}g \on‘one activity while the other half works on the other. Then the two
halves can -change.. Both groups will need to learn the new command
(MULTIPLYBY or MUIT) described under the next activity.

Turtleworks Pictures
.Time 30 minutes
Materials

1 PET camputer loaded with "Turtleworks" for each group
1 "Turtleworks‘Pictures Worksheet" for each teacher -

-“

‘o . ' R -
Befoke splitting the class into. two groups, go qver the introduction of MULT,
~ and COLLAPSE on page 19 of the "Turtle Geametry Teacher's Guide." It is
important for you to have the ‘teachers act out the camand, so that they will

be more likely to use this technique with their own students.
. { *

~
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Have the teachers work in twos or threes at the ccmputez\\ on the "'Iurtlmrks
Plctures Worksheet.."

The Hook Family \\ .
Time 30 minutes , | \\
, S \
Miterials l o \
1 Turtletractor for each teacher \ )
1 pushpin for each teacher \ ) .
1 8 1/2" x 11" cardboard sheet for each.teacher , . S
1 "The Hook Worksheet" for each teacher \\ . ’ .

The teachers should have seen the Multiplyby demonstration-at the
of the last activity. Since The Hook Family can be challenging, dt
for teachers to work in threes for this activity. Give each

worksheet. They do not need to check every answer with a turtle
They can check most answers by drawing freehand.

Time, 5 minutes \

Ma is_ None s o-

. \ ] ] y |
A
Ask the teachers to discuss their experiences with Turtle Geapétry Stress -
. the importance of the concrete: work off the camputer.

B AN
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i ‘. . TORTLETALK COMMANDS SUMMARY - Lt . i
. ' Math Network Curriculum PrqEect . T
: . San Francisco State University ) \
) March, 1982 . ‘
. ‘ - 3
. HELP (abbremted as H) - lists theﬁe commands
GO - for’ example, C ’ . . i ‘ . .
GO 10 N N ' .
sends all turtleﬁ forward 10 screen dots ,
. TUM exam@le, I Ny ' ‘
g TURN 45

turns all turtles by 45 degrees in the counter—clockmse dlrecuson

CLEAR - erases screen; gets rid of a]l turtles but one, and puts that turtle in the
middle of the screen. Instructions in the main program are forgotten, but |
procedures are remembered.

REPEAT (abpmvmted as RPI‘) - for example, ‘
‘RPT 4 (GO 10 TURN‘ 90)
causes the mstructmns GO 10 TURN 90 to be repeated 4 times, thus drawing a
. square. //
3l
- MULTIPLYBY (abbreviated as MULT) - for example, i} i
MULT 6 GO 15 -
Gauses there to be six active turtles in place of every onme that was there
‘- before. All of these mew turtles now move forward 15 screen dots.

. COLLAPSE - the opposite of MULTIPLYBY. 'I'he turtles will be returned to the state they
were in just before the last MULTIPLYBY. The screen will not be affected.
PENUP - After Jssumg this command, when the turtles move, they will not draw lines.

~

PENDN .- The turtles wﬂl now draw as they move. .
&
QUﬂ‘ Ends the program. Be sure to end this way if you wish to make a copy of
TUR’I‘LEWORKS on tape. - .

-

LIST ~ Show commands executed since last CLEAR.

- . .

DRAW (abbrevxated as D) - Clear the screen and start executing commands. ~

TO - Begm a procedure definition. For example, ;

’ ‘ TO SOQUARE .
e ' ’ RPT 4 (GO 10 TURN 90)
e - - . _TURN4S . - — e —
END ‘
’ will mean that the turtles understand SQUARE from theh on (unless you ston the
. program and start over). In fact yol can say SQUARE 8 wh:,ch will repeat the
‘ procedure 8 tunes, making a very pt'ettv design. as 3
. . ‘ 8- o - ) - .
NN SN . 1 l) ; 7
ERIC . . - ‘ -




END - Signals the end of a procedure deﬁmtxon.

+ EDIT -~ allows editing of individual' commands. By “itself. it brings up the first command. .
Use DEL to change and retype. When finished hit <return>. ' Jf you don't want to !
change the command, you,can hit <return> (and the command will be executed) or ©
hold dowyn the <stnft> key and type @ .(in which case the lme wﬂl be skipped over).)

! o KI ' EDIT 4 A -,
a]lows edltmg of the 4th\command.
EDIT SQUARE
bnngs up the first step ni the SOUARE procedyre for editing. \ .
EDIT SQUARE 2
bnngs up the 2nd step in the SQUARE procedure for editing.

TAPESAVE - for' example, .
) TAPESAVE FLOWER
will write your TURTLEI‘ALK commands on a tape with the name FLOWER for later
remeval . .

TAPELOAD - for ewample,
"/ TAPELOAD FLOWER .
‘will load the TURTLETALK commands named FLOWER from a tape.

NETNAMES (reqmres m\odem connection to MNCP Network)

This command by itself will list the names of all the turtle creéations to be found

on the MNCP network. If you follow the command by a letter or letters, it will

list the names of all turtle-creations that begin with that letter or letters. For
example, . !
NETNAMES FL ' . !
might produce the list :

. ‘ FLAGS q L.

v ) . FLOWER ,
) ) _FLOWER2 e

NETSAVE (requ:res modem cpnnechon to MNCP \Ietwork) - for example,
NETSAVE BEIGFLOWER

. allows you to savé your TURTLETALK commands on the MNCP Network under the
. name BIGFLOWER for later retrieval by you or someone else.

NE'I;LOAD (requ:r&c modem connectlon to MNCP Network) - for example,” - .
NETLOAD BIGFLOWER

allows you to load. BIGFLOWER from the \1NCP Network

: NEI'DE[EI‘E (requlres modem connecton to \4NCP Network) - for example, .
NETDELETE BIGFLOWER }
allows you, to delete BIGFLOWER from the MNCP Network. -
Other notes: _ - g '
- Holdmg down the shift key and typing @ 'will allow you escape: from mgm
operations.
__ = See the ’I\n'tleworks User Manual for'a more detailed explanation of these

commands. . .o .




f ' co . The Regular Polygon Family Worksheet
- . ] , Q ) |

- . ’ .
P

.+ Materials: ffouiwil} need paper, pencil, a
'turtle-tractor", and an 8 1/2 x 11 sheet pf cardboard
- _ QYod shQu}d aiready know the fvllowing Turtletalk commands:

: »
¢ . [ ’

GO -

. , TURN - "

. REPEAT (abbreviated as RPT) ,

Yy . . * : *

. Use your,turtlg-tractoq fo make the drawing produced by . .

. o RPT 6 (GO 5 TURN 60)

v
// '
. - Al
.
. A

3 k3

Your turtle had to turn 60 degreed 6 times. How many
degrees did it have to turn altogether? ‘

<

We call this number the total turning of the turtle, ‘ ,
Y . * :

Did you end .up drawing a six-sided figure with all :
sides equal? ' This figure is called a hexagon. ‘

Ly




. . ¢

» - TMWe Regular Polygon Family Worksheet ’ b
v ~ . f . . . \ .
. " . ‘ 7 - ' - \

2. A hexagon is a kind of*polygon. fThe word 'polygon'

literally means many-sides.) - Polygons which have all ',
sides equal and all angles equal like the hekagon you ’ ;
*- - drew are called regular polygons. . \

'Figure out how to draw the regular polygons listed,in
the chart below. For each:odéne you draw, compute the
« total turning just like you did for the regular
., . hexagon. Show in the chart’'the Turtletalk program you
used to produce the polygon. .

.

) Numbgr'of | name of * | Turtletalk commands. ‘| Total Turning
~ sides - | polygon ¢ | o . |

———
.
&

]
]
3 | triangle

/‘ e : , : Qa: ¥ /l:
4. ) square. . | . i
: c ” : -
6 | hexagon !'RPT 6 (GO 5 TURN 60) ! 360 degree¥:« .
. . a {
c P oo d
8 | octagon d . | °
. " /..
] ] ]
] ] ]
o AY
.9 | nonagon d P
. > < .
: T
- . M . . i
) & . " . . .
. [ o ;
X‘ A} "
. »
. - N 1
' v .
. _% N . :
<o .
’ E
" =
. o e K ’ .
- - e
" v
' - 1()@ 2
. -101- .- \
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Name
?

Group

. Date

-
>

. . Turtleworks Pictures Worksheet

-

L4
‘ Materials: You need to be working in front of a PET

computer., 4 ¢
Find a way to draw each of the pictures below on the computer
screen using Turtletalk. Write the program you end up
, using next to each picture. (You can use the LIST
command to list xour program.)

\ N ' N
A v et "
2. These pictures can be drawn with one turtle.

’

B




Turtleéworks Pictgres Horksheet'
\

L .

3. The REPEAT command will help heréh

.
’ e n o ————————t

———— ot

4y, See if you can use MULTIPLYBY here. *

P

AN

—

. . =103
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. .
L4
Turtleworks Pictures Worksheet
\ t * h N <
¢ .
\ -
— « ~)
. 5. How about ,a combination of MULTIPLYBY and REPEAT?
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Tartleworks Pictures Worksheet 5

P ' N ) .
- v ° )

Crgate a aesign of your Swn‘ ‘Write the program here and make

‘a gsketch of what it produces. Save your design on the

MNCP network

- N
N

v

-~ -

Look at some of the designs other groups have savéd on the
MNCP network. Try to figure out how they made them,

Sketch one de31gn you liked here and-thow its Turtletalk
commands. .
# 5

L
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Aruitoxt provided by Eic:

Here are some additional designs for you to try if you have:
time. ) ’

~

>

Turtleworks Pictures Worksheet
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Name

' Group i vt
Date
) /4
- .
' The Hook Worksheet ' /
Materials: You need paper, pencil, and a Turtle-~Tractor.
. A :
1. a) Below LsAhook drawn by a turtle. Write the Turtletalk
p " program which would draw the hook. -
> N s ¥
A
- &
- . b) Suppose the hook goes the other way. Now what would «
the Turtletalk program be? P
: 2. ~a) The Turtletalk program below puts 4 H%oks together.’

Draw the figure using your Turtle-Tractor.

RPT 4 (GO 6 TURN 45 GO 3 TURN U5)

€

»

-

b) Find out what happens if you send the turtle .the other
direction.

RPT 4 (GO 6 TURN 315 GO 3 TURN 315) .- .

J , T T T o T 0 ST T

.‘ / . L -
O VF. ' , 11‘1 ' .
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3.

The Hook WorkZheet °

Below are some figures drawn with

o~

T

Turtletalk programs. Draw lines
its program.

a) MULT 3 GO 6 TURN 45
b) MULT 2 GO 6 TURN 45
¢) MULT 5 GO 6 TURN 45

d) MULT 4 GO 6 TURN 45

hooks and
from each

%

GO 3 TURN
GO 3 TURN
GO 3 TURN

GO 3 TURN




4,

The Hook Worksheet

’

Combining the ideas of problems 2'2hd 3, we can: get
figures like those drawn below,.

write its Turtletalk progran.
your turtle-tractor to actually make the drawing.

a)

1.

"109"" . 4

Y

B

Next to each figure,
You do not need to use

.

T4




. The Hook Worksheet ' ' T

' »
N o \ )

J
. ‘ i
5. IF YOU HAVE TIME- . . ’i
On the follow1ng pages are some more figures made with |
hooks. For as many of them as you can, write a . |
’ . Turtletalk program that coulg draw them.' !

Also, you might enjoy making up ‘some HOOK FIGURES of your X-

é ’ own. -

a) ’ . <.

v g2 g 4§ S0 =
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“The Hook Worksheet _ \




More ﬁooks

-

The H%fk Worksheet
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’ ( . SYMMETRY :

v \ A. . »
Prerequisite Turtle Geametry \
. 3 4 R b
Time 2 hours, 30 minutes (long version) or ) '

1 hour, 45 minutes (short form)
- , o= ) . ’
_Materials " A
large, cut-out letters (F, A, H, X, S, and 0)
* overhead projector

1 Turtletractor
1 "Greek Letters Symmetry Worksheet" per- teacher
, 1 set of Design Cards per 3 teachers .
1 "Swirling Mirrors Worksheet" per teacher .
1 PET camputer loaded with "Turtleworks" program per 3 teachers .
1 set of Folygon Rosette Cards per 3 teachers ’
-1 "Polygon Rosette Worksheet" per teacher ]
1 "Symmetry Families Worksheet" per teacher
T T . " .7 ‘suggested Time Fraee @ .. .
Time Activity
5 min Introduction
Blet 30 min Alphabet Symmetry . ‘
Coe ; ' 20 min Design Cards- - o
; | 20 xp.m The Polygon Rosette Family
- } ' ., 49 min Symmetry Families
' \ . - 5 min Summary B ,
\ : \
N Total: .2 hours
\
N .
, \\\- \ ! {

Many of the MNCP unlts deal - w:Lth number patterns. This unit, however, deals
with recogm.zmg visual patterns Although thirss type of pattern recognition
r is useful in many careere (eg. engineering, biology, archltecture), the T

development of .pattern recognltlon skills is often neglected in-the : \
pre—-college curriculum.

The Symmetry Unit provides students with practice in visual pa.‘tatern
-~ - recognition, while introducing the language of symmetry to describe sctpe

Y

. ° ~— - \. . ? -
O ‘ : -113-




. ¥ i \
¢ ’ ‘o N - -
. visual patterns,.,. The unit also introduces students to ways in which camplex
. designs can grow fram very simple onkes. They will explore this phencmenon, by
studying famllles of designs which have been created for them, and they w111
’ be able to build their own families.

The students were introduced to ‘the Hook Family in the Turtle Geametry Unit.
. 7 In this unit ‘they will use a new cammand "To" in,order to build their own
Ve designs. . s o .

The flrst three activities mtro}iuce students to the tems miryor synmetry
and rotational symmetry and provide them with practnce in recognizing th
properties. s In the fourth act1v1ty, “The Polygon Rosette Family," stud
meet a family of designs, and in the last activity they experJ.ment with
creating a family of the1r own. .

‘ -

" Pime 5 minutes

Materials ne

Be sure that teachers are aware of three things: ... —. X .
, - .
. - The Turtle Geametry Unit is prerequisite to this unit.

- In this unit, they and their students will be working with visual
patterns, and describing and runderstanding these patterns is an
important branch of mathematlcs

- Understanding symetries leads to an understandlng of our world (cf.
"Overview" in the Teacher s Guide). -

" Alpbabet. Symmetry
Time 20 minutes '
. Materials
large, cut-out. letters (F, &, H, X, S, ar;d O)
overhead projector Tt

Turtletractor
.1 "Greek Letters Symmetry hlorksheet" per teacher

‘

v ota
4

Follow the introduction of Mirror and Rotational .Synmetry as- outlined
in the Teacher's Guide. Be sure to model the suggested teacher
behavior described there to allow teachers ‘time to discover the pattern
for themselves and to use teachers who discover the rule e;rly as aides.

&

o ' : ’ 114~ l iy
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. Wof}c through the worksheets as a whole group. You will A_probably; only
‘have time to go over part of that worksheet. . . . e

[N

Design Cards

Time 20.minutes

1 set of Design cards per 3 teachers
1 "Design Cards Worksheet" per teacher
1 "swirling Mirrors Worksheet" per teacher

-~ 7
Have the teachers work in groups of threes on the "Design Cards
Worksheet." If same groups finish that ‘worksheet, they can move on to
the "Swirling Mirrors Worksheet." The latter “worksheet would make a
good hamework problem for teachers. '

The Polygon Rosette Family
Time 20 minutes

* Materials
1 PET camputer loaded with "Turtleworks" program per 3 teachers
1 set of Polygon Rosette cards per 3 teachers - -
1 “polygon Rosette Worksheet" per teacher

-

’

Have teachers work in groups of three with the cards pn a large flat
area away fram the camputers. They can walk .over to the cdmwputer to
check their Turtletalk programs if they get to the back of the
worksheet .

¥ 4 .
Stop the teachers about 5 minutes before the end of the activity. As
time permits, go over the discussion questions in the Teacher's Guide.

N
5 , Symetry Families
Time 40 minutes
Materials

1 PET camputer loaded with "Turtleworks" program per 3 teachers
Y 1 "Symretry Families Worksheet' per teacher

- T o118 12

\ ) -

<
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Have one camputer placed so Wat everyone can see its screen. v
Introduce the "Tb" command as described in the Teacher's Guide.

Now lef' the teachers work in groups at the computer with the
worksheets. Groups can share their work with other groups during the
last five minutes of the activity by noving around to other camputers
to see a representation of that group's problem on the screen They
can also look at’ the other group's worksheet.

i Sumary
Time 5 minutes ' ,

Materials None

Spend this time talking about what the teachers learned about finding
visual patterns and symmetries in this session. Spend a little time
discussing why the skllls students will learn about in this unlt are
important ones. .

e o

"N
. ;
.

~  -lles .
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Name .

-

Other Group Members;

¥
Date s

‘ Greek Letters Symmetry Worksheet

o

Ancient Greeks used a different alphabet than the one we
? use now (the Roman alphabet).

Below are listed the
small letters in their alphabet with the names
underneath. .

o B2 Y § e S

a(F"\a- ]qQ’tCL %qwm\a de_&& QPS\(ob\, za‘éﬂ. '
6. ¢ K X

")6'761, theta  (ota. karra (ambda_ /r:{w

v € o T

e

/0 -0
naw X< OMICYOR P( vho Sla\M&_
. .
T v X ' (4\) .
tau U-Pts (on ¢ hi C\p\l LP

F>$t tDWﬁ?YL ‘

Which of the Greek letters have no symmetry?

-

: ‘ &
Which of the Greek letters have one line of mirror
symmetry?

. -11;-2 4

¥y

-
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Greek Letters Symmétry Worksheet

by

Which of the Greek letters have more than one line
of mirror symmetry? ' : ‘

A

-
»

Which of the Greek letters have rotational Eymmetry?

. .

Which of the Greek letters have both rotatiomal and

mirror symmetry? . , .
)
[4
Which of the Greek letters have rotaéional but not
mirror symmetry? .
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Name

Othe; Group Members

Swirling Mirrors Worksheet

~

Date

©

Materials: You need a set of 'Design Cards' and your
records from the 'Design Cards Worksheet.'

-

1. In your work with the Design Cards, you probably
realized that there wére lots of kimds of symmetry

that could have been present and were not. For
¢ > example, there were no designs that .had five lines

of mipror symmetry and 72 degree rotational symmetry.

Name another possible kind of symmetry. that none of
the cards have.

L]

Sketch a design that has that kind of symmetry.

| -

2. Two of the following kinds of symmetry are
impossible! Which two!are they?
(a) two lipes of mirror symmetry and 90 degree

. rotational symmetry

(b) six lines of mirror ‘'symmetry and 60 degree
! rotational symmetry

- “(c) three lines of mirror symmetry and*no
~ rotational symmetry : ‘

" -

125
\)' . L. "121-' - .




v Swirling Mirrors Worksheet

. 3. The Relationship Between Mirror Symmetry and
Rotational Symmetry .

Fill out the chart below with all the kinds of '
symmetry you have met so far. For example, -the

first line has been filled out to represent designs

with 2 lines of mirror symmetry and 180 degree

rotational symmetry. A

o

. Number of Lines Degree of

]
]
of Mirror | Rotational
Symmetry | Symmetry o
;2 I ° 180
7/ «c | e aeeeecesesececce et e e e e e e e e E - ——----
1
« ]
................................. \
d
--------------------------------- /"
| - d
\ .
P EEEELEREEEEETEEEEEEERR |
t q '
----------------; ................
--------------------------------- }
1
]
- L S S .
-\‘ @

Look only at the lines in the jable that do have
) rotational symmetry. What relationship do you see
r, between the left column and the right column?

Describe the relationship here.

\ R 7
s .

:
. .
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. Name _ r‘
Other Group Members ‘

hY

Date

The Polygon Rosette Family Worksheet

R S

Materials: You need a set of 'Polygon Rosette cards'
and a fairly large flat area (the floor or a table will’

do fine).
e
1. Spread out the cards SO you can see most of them.
. . Your task is to organlze' the cards in a system -
e - - which makes it easy to see the similarities and .
i differences between different cards. When you are

done, all the cards will be visible and there will ~
be a kind of pattern to the way the cards are
arranged. °‘Describe your system here.

€

i

P

2. If you have done a good job of laying out the cards,
! it should be easy for you to find each of the
: patterns listed below. See if you.can. You may
. .find you want to revise your arrangement. For each
card, describe where it lies in your pattern.

Description of card. Place in pattern
\ 3 squares

5 triangles

.

3, hexagons (six sides) - . ' . ,
4 heptagons (seven sides)
8 heptagons

¢ -

Describe in writinz'hereﬁwhy you deéided”to put the
cards with single lines where you didT




Polygon Rosette Family Worksheet T ) -

3. These cards were produced by a computer ,vhich
: understands Turtletalk. You should be able to write

a Turtletalk program to produce any of the cards!
Pick two cards and figure out their programs.

Descrintién &f card Turtletalk Program

4. Each of the two Turtletalk programs below will draw
one of the cards. Describe the appropriate card in
the right-hand columan. .

" Program .7 . Description of card

1. MULT 7 RPT 4 (GO 10 TURN 90)
2. MULT 6 RPT 5 (GO 10 TURN 72)

.S ' )
5. -Soeme of Polygon Rosettes belong together in'a ’
special way. For example, look at the four
squares. See how they come together to make a | *
singlle larger square.- What other card does the same
kind of thing?

N
t

"1f you.have the extended set of Polygon Rosette
7 cards (the extra cards are colored blue), find two .
Otbef cards in which the small shapes also ‘come
> together to make a single larger shape with the ‘same
outline. What are tbey° ;

Find another special faﬁily of Polygon. Rosette
cards, Describe that family here.

‘ -
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Other Group Members . !

Date

_ Symmetry Families Worksheet g

Materials: You need to be working in front of a
computer loaded with the Turtleworks program. -

1. Making a Design Out of Parts
. You can teach the turtles new words. Here isyan

example. Typ2 in each line, hitting <return> at the

end of each+line. - ’
TO POP ’ . .
GO 8 MULT 3 : .
TURN 45 GO 4
END

You have juét told the turtles what POP means and
you can see what it means on the screen. From now
on you can use the command POP just like any other
Turtletalk command. '

Try this: .
CLEAR
MULT 3
POP

and this:

. CLEAR
- POP 3 N ' =
I S o .
Play around with POP a bit before going on.
2. Make Your Own

As a'group, try‘teaching'ghe turtles a new command .-
of your own. The first thing you type in is Lo

~

TO
N\

?ollowed by whatever ybu choose to name the command.

The last line of ‘the deiinifion of. the command must .
" be ’

END




R

Symmetry Families Worksheet

Write the name and definition of your tommand here:

TO

¢ END
Using Your New Command

See what happens when you

CLEAR ’ .
MULT 2

and then issue your command.

Does the design created have rotational symmetry?

{I so, what de%;ee?

Does the design created have mirgor symmetry?
1f. so, how many lines of mirror symmetry?

4 f
Find a way to use your command to create. a design
with 60 degree rotational symmetry. Write how you
did ‘it here: . . )

Expé}iment with different symmetries yow can get
using your new command. Record the program that
produced the most pleasing effect here:




. Symmetry Families Worgsheet

4, Your Own éymmetry Family -
With your new comm , Yyou can create 'families' of - ‘

and
. designs. yHere are &:ree designs which are members
of a fampfly. Try them.

CLEAR . CLEAR LEARCLEAR CLEAR
MULT 2 MULT 3 MULT 4 '
. : . POP ‘ POP ' POP

Show how you would use your new command to create a
'family' of designs, each of which has a different

symmetry from all the others. Describe your family
here. : '

Show the basic progrdm that you used to create your
family. Indicate which parts of the program change
to get new members of the family.




